PB93-152551 


Survey  and  Evaluation  of  Production  Meter 
Instrumentation  and  Uses.  Report  1 


Texas  A  and  M  Univ.,  College  Station 

Prepared  for: 

Army  Engineer  Waterways  ASperinent  Stf^tion,  Vicksburg,  MS 


Apr  92 


U.S.  DEPARTMENT  CF  COMMERCE 
Nationai  Technical  information  Sonrico 


19970821  098 


PB93-152551 


SURVEY  km  EVALUATION  OF  PRODUCTION 
METER  INSTRUMENTATION  AND  USES 

Report  1 


BY 


John  B.  Herbxch,  Ph.O.,  P.E.,  J.  Y.  Lee,  B.S. 
Dilip  R.  Trivedi,  H.Eng.,  Gordon  Wilkinson,  M.Eng. 
AND  Danny  0.  De  Hert,  M.S. 


O’QPOD’O 


from  the  Texas  A&M 


RESEARCH  FOUNDATION 


College  Station,  Texas 

I 

April  1992  " 

Report  1  of  2 


CDS  Report  No.  313 


AEPmuCCO  BY 

U  S  DEPARTMENT  OF  COMMERCE 
national  technical  information  SERViCf 
SPRINGFELO  VA  22t6l 


Dilip 


SURVEY  AND  EVALUATION  OF  PRODUCTION  METER 
INSTRUMENTATION  AND  USES 

Report  1 


by 

John  B.  Herbich,  Ph.D. ,  P.E.,  J.  Y.  Lee.  B.S. 

R.  Trivedi.  M.Eng.,  Gordon  Wilkinson,  B.S.,  M.Eng. 
and  Danny  0.  De  Hert,  B.S.,  M.S. 

Center  for  Dredging  Studies 
Civil  Engineering  Department 
Texas  A&M  University 
College  Station,  Texas  77843-3136 


Prepared 

for 

Hydraulics  Laboratory 
Waterways  Experiment  Station 
U.S.  Army  Corps  of  Engineers 
Vicksburg.  Mississippi  39181-0631 

Contract  No.  DACW-39-89-K-0003 

Report  1  of  2 


CDS  Report  No.  313 


April  1992 


[cnc  QUALiTj  n-jsr®o-uiD  a 


PB93-15255i 


REPORT  DOCUMENTATION  PAGE 


tb  RISTKICTIVC  MAJtKlNCS 


U  MCUAjrr  ClASSiflCATON  authohitt 


2b  OiCLASSaiCATiON/OO^P#CIUO«MC  KH(OUli 


4  O^GAWOATION  «K>«T  NUM»ill(S) 

CDS  313 


J  .  OfSTAiauTON/AVAlU^UTV  lt(^bT 


S.  MOANTOMNC  OAGANaATlOKl  Kf^OKT  l«UMICK(S) 


•b  WKl  SVMtOi 
0spf^9bh) 

HE-E 


fh.  AOO«CSSiOfy.  U»t0,  il^Codt) 

3909  Halls  Ferry  Road 
Vicksburg,  MS  39180 


r  ^tOCUAtMNT  MSTftUMiNT  lOINTiftCAnON 


«C  AOOAtSS  <Of)r.  Stbft,  An#  /IACo#VJ 

Department  of  Civil  Engineering 

Texas  A&M  University 

College  Station.  TX  77843-3136 


•A  MAMf  Of  fUNO^MG^SAONSOAiNO 
OdCAMiZATlON 

Hydraulics  Lab,  WES 


•«.  AOOACSS (Oty,  sut*.  An#  /iACo#r;  - 

U.Se  Army  Engineer  Waterways  Experi-| 

ment  Station,  Vicksburg,  MS  39180  |  I  I'  I  - 

SURVEY  AND  EVALUATION  OF  PRODUCTION  METER  INSTRUMENTATION  AND  USES 


12  AC^SONAl  AUTHOlUS) 

John  B.  H€rbixh_,„J^j[ >  Lee t  Wilkinson^  Denny  De  Hert 

lllb  TlMCCOVEAp  lu  OAT€  Of  WKJUT  (rAAf,A#bm^OAyJ  p5  ^AGI  COUNT 

Technical _ I  wm_11>88  toJ^-^90  I  April  1992 _ I _ 

H  SUffUMC  NT  AAV  NOTATION  '  J  m 


to  SOUACf  Of  fUNOiNC  NUMIERS 


IMOJEa  I 

NO  I 


AAOJEa 

task 

NO 

NO. 

wqak  unit 
ACCESSION  NO 


17 

COSATt  COOES  1 

NCID  j 

CAOUP 

SUI-CAOUP  1 

to  SUlJCa  TEAMS  (COnonwA  bn  i 


r  if  An#  i#»nti^  by  btock  ngmbAf) 


AiSTAACT  (Continue  on  r»v«#w  if  nACABAry  An#  itfpnnfy  by  MocA  niNnbAr;  i— *>— — i^— 

The  purpose  of  this  research  was  to  evaluate  modern  instrumentation 
being  used  to  monitor  production  on  hydraulic  suction  dredges.  Instru¬ 
mentation  covered  included  flow  meters,  density  gages  and  production 
meters.  It  was  desired  to  determine  their  accuracy  and  reliability  as 
reported  by  dredge  operators  worldwide.  The  survey  results  led  to  the 
conclusion  that: 

£•  The  number  of  dredges  in  the  UeSe  with  instrumentation  to  monitor 
production  has  increased  from  7  percent  in  1980  to  46  percent  in 
1989;  however,  the  percentage  of  dredges  equipped  with  production 
meters  Is  only  17  percent. 


20  OfSTANuTlON/AVAtcAilUTY  Of  AiSTAACT 
OuNOASSifiCOAINttMiTED  O  SAME  AS  AAT  O  OTIC  USE  AS 

21  AISTAACT  SICUAirY  CLASSifiCATlON 

22a.  name  Of  AESAONSitU  INOiVtOUAL 

22c  OffiCf  SrMKH  1 

DO  Form  1471,  JUN  SS 


MCUWITV  CLAtt.riCAT< 

Unclassified 


h.  The  magnetic  flow  meter  Is  rellahl#*  -i 

free  ee  ecpeeed  re  the  nL"e^:r?*“L'‘L“e‘,"“d"::nt 

*"■'  «  the  proper 

“■  S"S,~  ~:"»s::.=r.".-5;;  s-l=;- 

pr  ducticn  rates  and  evaluating  total  solids  production.*^  * 

"  ?"  P^ductlon  Instrumentation  la 

several  on-line  databases  which  are  continuously 

‘**^*‘*«®  production  Instruaenta- 
Curr^nf  ’e-T*^  constantly  upgrading  their  products. 

Current  Information  on  products  can  be  obtained  dlrLtlv  from 
the  manufacturers  listed  In  this  report.  from 


Unclassified 

tcvairv  ?  ma 


PREFACE 


The  research  described  In  this  report  was  conducted  as  part  of  the 
continuing  research  program  in  Ocean  Engineering  and  the  Center  for 
Dredging  Studies  at  Texas  A&M  University,  College  Station,  Texas  on  a 
project  dealing  with  the  accuracy  and  reliability  of  production  meters. 

The  principal  unit  involved  In  the  study  was  the  Center  for  Dredging 
Studies  (CDS).  Key  personnel  of  the  CDS  unit  who  authored  the  report  are: 
Dr.  John  B.  Herbich,  Principal  Investigator,  W.  H.  Bauer  Professor  of 
Dredging  Engineering,  Professor  of  Ocean  and  Civil  Engineering  and  Director 
of  the  Center  for  Dredging  Studies;  Mr.  J.  Y.  Lee,  Research  Assistant;  Mr. 
Dilip  Trivedi,  Research  Assistant;  Mr.  Gordon  Wilkinson,  Research  Assistant 
and  Mr.  Danny  De  Hert,  Research  Assistant.  The  report  was  typed  by  Ms. 
Joyce  Hyden  to  whom  the  authors  express  their  gratitude. 

Tlie  study  was  sponsored  by  the  Hydraulics  Uboratory,  U.S.  Army 
Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  Mississippi  under 
contract  No.  DACW-39-89-K-0003  as  part  of  the  Dredging  Research  Program. 

The  Technical  Monitor  for  this  project  was  Ms.  Virginia  Pankow,  whose 
comments  during  the  course  of  this  research  are  gratefully  acknowledged. 

The  Dredging  Research  Program  manager  was  .Mr.  E.  Clark  McNair,  Jr. 

Commander  and  Director  of  WES  during  the  preparation  of  this  report 
was  COL  Larry  B.  Fulton,  EN.  Technical  Director  was  Dr.  Robert  W.  Whalin. 
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CONVERSION  FACTORS.  NON-SI  TO  SI  (METRIC) 

UNITS  Of  MEASUREMENT 

Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI 
(metric)  units  as  follows: 


Multiply 

Zy 

To  Obtain 

feet 

0.3048 

aetera 

yards 

0.9144 

neters 

cubic  yards 

0.7646 

cubic  neters 
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El’AU'ATIOy.vF  THE  ACCURACY  AND  RELIABII.JXY 
OF  PRODUCTION  MFT!-?? 


PART  I :  INTRODUCTION 


P’^rpose 

1.  The  purpose  of  th6  research  was  to  evaluate  nodern 
instrunientation  being  used  to  monitor  production  rates  on  hydraulic  suction 
dredges.  The  type  of  Instrumentation  covered  In  this  study  included  flow 
meters,  density  gages  and  production  meters  on  all  types  of  hydraulic 
suction  dredges.  An  attempt  has  been  made  to  determine  their  accuracy  and 
reliability  as  reported  by  the  end  users  themselves  which  «re  the  dredge 
operators.  A  comparison  has  also  been  made  between  the  utilization  of  thl 

equipment  in  the  United  States  and  in  overseas  countries.  eff- 

Background 

2.  The  need  for  accurate  evaluation  of  production  in  dredging 
operations  have  been  evident  for  a  long  time.  In  the  1960*s.  the  dredge 
operator  had  at  his  disposal  only  the  measurement  of  pump  revolutions  per 
minute,  power  used,  suction  and  discharge  pressures  to  estimate  production. 
The  total  rate  of  flow,  or  the  density  (or  specific  gravity)  of  the  solid- 
water  mixtures  was  not  known.  The  first  Improvement  was  the  application  of 
magnetic  flow  meters  to  the  dredging  industry  -  this  provided  the  total 
rate  of  flow  (water  plus  solids).  The  next  improvement  was  the  development 
of  a  nuclear  density  gage  which  provided  an  Instantaneous  reading  of  the 
density  of  solid-water  mixtures  being  pumped.  Since  the  magnetic  flow 
meter  is  relatively  expensive,  a  Doppler  flow  meter  was  d.veloped  later. 

3.  The  most  desired  information  in  an  efficient  dredging  operation 
is  the  accurate  determination  of  the  amount  of  solid,  passing  through  the 
dredge  pump.  A  magnetic  or  Doppler  flow  meter  and  a  nuclear  density  gage 
have  been  utilized  individually  by  the  dredging  industry  to  determine  the 
flow  velocity  of  the  slurry  and  dredged  material  density  respectively. 

This  is  still  the  case  on  some  dredges. 


6 


fr-" 


Since  dredging  operations  are  now  much  larger,  both  in  volume 
and  cost,  a  higher  degree  of  accuracy  and  efficiency  is  required.  As  there 
are  no  simple  relations  between  pump  speed,  slurry  density,  discharge 
pressure  and  solids  flow  rate,  it  is  seldom  possible  for  the  leverman  or 
the  dragtender  of  a  suction  dredge  to  maximize  production  rates  with  only 
flow  velocity  and  slurry  density  as  Indicators  of  production. 

5.  The  development  of  a  single  integrated  production  metering 
system  represents  a  higher  degree  of  automation.  With  this  type  of 
instrumentation,  the  leverman  can  determine  Instantaneous  values  of  flow 
velocity  and  slurry  density  and  see  the  manner  in  which  density  and  flow 
velocity  interact  with  each  other  to  affect  sc  lids  production  rate.  It 
usually  includes  a  ’totalizer'  which  gives  a  continuous  indication  of  total 
production  (project  total  or  shift  total),  eliminating  the  need  for 
computations  to  determine  the  total  production. 

6.  The  data  from  the  flow  meter,  which  measures  the  total  rate  of 
flow  of  solids,  water  and  gas  (dV/dt)  and  the  density  meter  which  measures 
the  specific  gravity  of  the  pumped  mixture  (dl;  dV)  are  fed  into  the 
production  metering  system  which  indicates  the  total  rate  of  solids  flow  in 
the  pipe  (d.'i/dt  -  dV/dt  x  dM/dV)  either  graphically,  on  analog/digital 
displays  or  on  cross-point  displays. 

7.  Though  the  magnetic  flow  meter  and  the  nuclear  density  gage  are 
still  the  most  widely  used  form  of  instrumentation  on  dredges,  complete 
production  metering  and  display  systems  have  also  been  Installed  on  many 
modern  dredges  and  are  contributing  measurably  to  incre.. -ed  solids 
production. 

8.  Output  signals  from  the  velocity  and  density  meters  are  often 
used  to  control  other  instruments  such  as  automatic  light  j..ixture  overboard 
(ALMO)  device. 


Description  and  Mode  of  Study 

8.  Addresses  of  dredging  companies  worldwide  were  obtained  from  the 
files  of  the  Center  of  Dredging  Studies  at  Texas  A  &  M  University,  A 
comprehensive  list  of  current  dredge  operators  is  also  included  in  "World 
Dredging  Mining  6  Construction",  March/April  1989.  A  survey  form  was 
designed  and  mailed  to  dredge  operators  worldwide  to  evaluate  existing 
instrumentation  on  their  dredges.  A  sample  form  is  shown  on  pages  9 
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through  11.  Thp  results  from  the  survey  ere  shown  in  Tables  1  through  7. 
which  include  only  those  dredges  equipped  with  measuring  equipment  capable 
of  monitoring  production  during  the  dredging  process. 

9.  The  research  effort  described  in  this  report  was  conducted 
According  to  the  following  sequencer 

A.  A  computerized  literature  survey, 

b.  Information  obtained  from  manufacturers  of  measuring 
equipment  by  means  of  correspondence  and  plant  trips. 

S..  Field  trips  to  dredges  to  evaluate  the  extent  of  installed 
instrumentation  and  its  performance. 

d.  A  mail  survey  to  determine  the  extent  of  instrumentation 
on  dredges  throughout  the  world. 

£.  Investigate  the  accuracy  and  reliability  ©f 

instrumentation  on  dredges  from  the  responses  of  the 
survey  and  field  visits. 
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SL'R\’Ey  OF  PRODUCTION  METtR  USES .  INSTRUCTIONS 

Tht  objfclivw  of  tb*  study  are  to  cv  Juaie  tW ,  .arumentation  used  for  measuring  production  on  hydrauUe  suction  dredges. 

Tlir  purpose  of  this  survey  is  to  fiad: 

&  the  extent  of  iimrumentelion  regularly  used  oo  dredges  u  the  United  States  to  measure  production. 

b.  iht  iccuracy  of  the  insf  rumentation, 

c.  the  rcUabHuy  of  the  instnimcDtation, 

d.  the  extent  of  maiotenance  required, 

e.  the  king  lifr  of  the  instrument,  and 

f.  the  usefulness  of  the  meter  values. 

^odurtion  meters  hr-e  been  in^aned  on  many  modem  dredges  and  are  being  used  with  varying  degrees  of  success  Drcdce 
jwoduction  tt  calculated  fr^  values  obtained  from  a  sluny  flowmeter  and  a  slurry  density  w»e.  We  would  Uke  to  identify  the 
of  «»«crs  a^.  You  need  not  supply  information  of  a  proprietary  nature,  how^r.  we  would  appreciate  as  iuch 
•oformauon  as  possille  so  we  can  reasonably  evaluate  the  use  and  reliability  of  production  meter  salues.  ^ 

b!!!/  f*  **  Provide  a  reasonable  information  profile  of  the  meters  you  use.  Copies  have  been  supplied  to  answer  Part  I 
nems  for  four  insi.umcnu  you  may  operate.  Additional  copies  may  be  made  if  more  forms  arc  needed  If  you“arr.ciral 
simill^  « example.  3  magnetic  flowmeters,  one  of  each  of  your  cutterbead  dredges)  and  they^all  perform  in  a 
meters  *«mmariTc  your  remarks  and  fdl  out  only  one  survey  set.  In  this  situation  please  indicat? how  many 

Part  II  (Items  16, 17)  b  more  general  informadon  and  need  to  be  answered  only  once. 

Most  statements  can  be  completed  by  circling  the  appropriate  response.  Otherwise  please  supply  a  brief  statement  indicating 
your  response.  You  may  be  as  elaborate  or  simple  as  you  like  and  use  additional  space  on  the  baS  of  these  forms  if  necessary.  ® 

How  many  of  your  dredges  ha«  instrumentation  designed  to  measure  or  calculate  dredge  production? _ 


Survey  of  Production  Meter  Uses  •  Part  I 
(For  each  dredge,  use  one  column  of  the  below  form.) 


Dredge  (  )  I  Dredge  (  ) 


Density 

Pfics 


other 


nuclear 


S.G.  U  loo 


bend  felbow 


other 


Production  Solids  Optimizer  (Ellicott 
meters  I other 


Dredge  (  )  Dredge  (  Dredge  (  )  I  Dredge  (  ) 


Suryty  of  Frvductiun  Mrtcr  U»es  -Part  II 


jr>. 


How  is  the  information  obtained  used  by  the  levcrman? 

To  impros'C  production?  Yes _ No _ 

To  increase  density  of  ihc  slurry  being  pumped?  Yes _ No _ 

Other  (specify) 


17. 


How  b  the  informition  obtiined  lued  by  the  project  eaaneer  (manuer)? 

To  improve  production?  Yet  No _ 

To  delenniae  long-terni  capability  of  the  dredge?  Yet  No 

To  evaluate  relationship  between  type  of  aedimenls  and  production^  Yes 

To  estimate  pay  quantities?  Yes _ No  “ 

For  developing  long-term  records?  Yes  No 

Other  (spedM  _ 


No 


18. 


19.  Name  and  address  of  respondent: 


20. 


Tbank  you  for  your  cooperation. 

11^  b  appropriate,  may  we  refer  to  you  by  name  in  the  survey  results?  Yes  No 


No 


John  B.  Hcrbich,  Ph.D.,  P.E. 
Director.  Center  for  Dredging  Studies 
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PART  II:  LITERATURE  SURVEY 


10.  A  computerized  literature  survey  was  conducted  at  the  Sterling 
C.  Evans  Library.  Texas  A&H  University  and  an  additional  search  was  made  at 
the  Library  of  the  Center  for  Dredging  Studies. 

11.  The  Engineering  (ENGI)  Section  (ENGI  1)  Database  COMPENDUX  PLUS 
-  70-88/Dec  (Engineering  Information.  Inc.  -  1988)  was  selected  for  the 
search.  Each  record  in  COMPENDUX  PLUS  Is  a  reference  to  a  Journal  article, 
technical  report,  engineering  society  publication,  book,  conference 
proceedings  or  individual  conference  paper  and  Includes  a  brief  abstract 
describing  the  document.  The  key  words  used  in  the  search  Included: 

Magnetic  flow  meter. 

b.  Nuclear  density  meter  or  nuclear  density  gage. 

Production  meter, 
li.  Bend  meter. 

Doppler  sonic  flow  meter. 

A  title  search  from  the  Science  Index  and  magazine  survey  were  also 
conducted.  The  search  produced  a  total  of  sixty  papers  and  reports. 

12.  An  additional  search  was  made  from  the  70-89/June  Engineering 
Database  with  the  following  key  words: 

fl.  Dredging  and  Automation, 
b.  Dredging  and  Measurement. 

Dredging  and  Production, 
b.  Dredging  and  Meters. 

The  search  produced  a  total  of  406  articles  and  publications. 

13.  The  articles  most  relevant  to  the  study  were  located,  reviewed 
in  depth  and  abstracted.  The  articles  are  listed  in  the  Bibliography.  A 

number  of  articles  of  particular  interest  to  this  project  were  abstracted 
and  are  included  in  Appendix  E. 

14.  Laboratory  evaluation  of  the  accuracy  and  reliability  of 
equipment  utilized  for  measuring  production  rates  has  not  been  extensive 
Some  of  the  Important  laboratory  studies  are  summarized  in  this  section. 

15.  Colwell,  et  al.  (1988)  presented  results  of  laboratory  tests 
conducted  on  Ultrasonic  flow  meters,  both  Doppler  and  Transit-time.  The 
performance  of  the  flow  meters  was  examined  for  a  range  of  slurry  flow 
regimes  and  particle  sizes.  The  velocities  and  concentration  distributions 
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of  the  slurries  were  known  from  extensive  previous  examinations.  The 
results  of  the  study  indicated  that  although  the  Doppler  flow  meter 
measurements  were  fairly  close  to  the  true  velocltias.  It  was  not  suitable 
for  a  broad  range  of  slurry  flow.  The  particle  diameter  affected  the 
penetrating  power  of  the  ultrasonic  signal  and  systematic  deviations  from 
the  true  velocities  were  found,  which  were  related  also  to  the 
concentration  of  the  slurry.  However,  It  was  concluded  that  for  practical 
applications  like  dredging,  where  normal  laboratory  standards  of  accuracy 
are  not  needed,  the  flow  meters  are  undoubtedly  useful. 

16.  WES  has  also  conducted  laboratory  studies  (Pankow,  1989)  on 
production  meter  components.  Several  density  gages  and  flow  meters 
manufactured  by  different  companies  were  evaluated  for  accuracy  and 
reliability  in  a  closed  test- loop.  Different  grain- size  materials,  slurry 
concentrations  and  velocity  regimes  were  utilized  for  the  study.  The 
results  indicated  that  the  various  nuclear  density  gages  were  very 
consistent  in  their  measurements  of  density  and  showed  values  within  1-5 
percent  of  each  other.  Although  the  preferred  pipe  orientation  for  density 
gages  is  vertical,  they  perform  better  when  the  pipe  is  rotated  45  degrees 
from  the  horizontal.  The  magnetic  flow  meters  were  also  fairly  consistent 
in  their  measurements  and  showed  values  within  6  percent  of  each  other. 
Slurry  velocity  and  slurry  concentration  had  little  to  no  effect  on  the 
accuracy  of  the  magnetic  flow  meters.  However,  the  data  for  the  Doppler 
Flow  meters  showed  distinct  differences  among  themselves.  Though  the  data 
for  each  meter  were  fairly  self-consistent,  the  Doppler  flow  meters  showed 
significant  differences  from  the  control  meter.  The  magnetic  flow  meters 
produced  measurements  fairly  close  to  those  of  the  control  meter.  Slurry 
velocity  had  some  effect  on  the  accuracy  of  the  Doppler  flow  meter. 

17.  Process  industries  have  also  conducted  laboratory  evaluations 
of  production  meter  components  (Malone,  1985  and  Gilman.  1981)  and  have 
realized  that  slurries  are  very  often  highly  viscous  and  are  likely  to 
exhibit  non-Newtonian  behavior.  The  need  to  measure  flows  with  Reynolds 
numbers  as  low  as  300  continues  to  present  difficulties  in  accurate 
measurements.  The  selection  of  an  optimum  flow  meter  relies  substantially 
on  the  characteristics  of  the  slurry  flow  like  particle  size,  flow  regime, 
pipe  diameter,  etc. 

18.  A  production  metering  system  increases  the  efficiency  and 
economy  of  the  dredging  process  in  terms  of  optimum  use  of  man  and 
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machinery.  Experimental  results  at  the  Ellicott  test  facilities  (Wells, 
1974)  illustrate  that  the  velocity  range  for  maximum  production  rate,  given 
a  fixed  line-length,  is  relatively  narrow.  As  the  line-length  increases, 
the  velocity  range  narrows  further  and  without  a  production  metering  system 
it  would  be  difficult  for  a  leverman  or  a  drag  tender  to  regulate  the 
pipeline  velocity  with  any  degree  of  optimization. 


PART  III:  INFORMATION  PROM  MANUFACTURERS  OF  MEASURING  EQUIPMENT 


19.  Utters  were  sent  to  manufacturers  of  measuring  equipment  to 
Identify  their  products  and  also  to  acquire  literature  describing  the 
instrumentation  which  is  currently  available  or  being  used  to  measure 
production  rates.  Names  and  addresses  of  manufacturers  were  obtained  from 
the  CDS  files  and  from  various  magazines  and  catalogs.  A  partial  list  of 
the  products  available  on  the  market  Is  presented  in  Table  8.  The 

manufacturers'  claims  are  compared  with  the  response  from  dredge  operators 
in  Tables  9.1  through  9.4 

20.  Since  there  are  various  types  of  dredge  production  meter 
components  available,  short  descriptions  of  some  of  the  most  widely  used 
types  are  presented  in  this  section  to  familiarize  the  reader  with  the 
method  of  operation  of  each  system. 

Magnetic  Flow  Meter 

21.  The  magnetic  flow  meter  is  based  upon  the  principle  of 
electromagnetic  induction,  designed  to  measure  the  flow  of  conductive 
liquids  in  a  pipe.  Two  electromagnetic  coils  surround  a  pipe  made  of  anti- 
magnetic  materials  and  produce  a  magnetic  field  at  right  angles  to  the  flow 
direction.  As  a  conductive  liquid  passes  the  metering  section,  the  lines 
of  force  from  the  magnetic  field  are  cut.  producing  a  low-level  voltage  at 
the  stainless  steel  pick-up  electrodes.  The  electrodes  measure  the 
potential  difference  which  is  proportional  to  the  flow  rate  and  independent 
of  the  solids  concentration.  Both  A-C  systems  and  pulsed  D-C  systems  are 
available;  however,  for  dredging  application,  the  A-C  system  provide,  the 
broadest  possibilities. 


Huclear  Denstew 

22.  The  nuclear  density  gage  measures  density  using  the  energy- 
absorption  method.  A  radioactive  source,  usually  Cesium  137  or  Cobalt  60. 
emits  gamma-ray  energy  through  the  discharge  pipe.  The  rays  are  absorbed’ 
in  proportion  to  the  density  of  the  slurry,  and  a  detector  either  of  the 
Ion  chamber  or  Scintillation  type  handles  the  gamma  ray  energy. 


23.  The  Ion  chamber  detector  is  e  gas-filled  device  with  a 
polarizing  voltage  applied  to  it.  When  gamma  rays  strike  the  device,  the 
energy  ionizes  the  gas  creating  a  small  current  which  is  amplified  and  sent 
to  the  transmitter.  Scintillation  type  detectors  are  made  of  certain 
plastic  materials,  which  give  off  a  pulse  of  light  when  struck  by  gamma 
rays.  A  photomultiplier  tube  converts  the  light  pulses  to  voltage  pulses 
which  are  then  sent  to  the  transmitter.  The  transmitted  energy  is  finally 
converted  into  a  linearized  output  which  indicates  density  changes. 


Doppler  Sonfc  Flow 

24.  The  Doppler  flow  meter  uses  the  theory  of  the  'Doppler  effect'- 
l.e.  there  is  an  apparent  change  in  the  frequency  of  sound,  light  or  radio’ 
waves  as  a  function  of  motion.  These  meters  consist  of  a  piezoelectric 
crystal  transducer,  a  Doppler  frequency  receiver  and  a  transmitter.  The 
transmitter  sends  a  continuous  ultrasonic  signal  at  an  angle  to  the 
direction  of  flow  through  the  pipe  wall  and  into  the  liquid  stream.  The 
sound  waves  are  reflected  by  particles,  bubbles  or  other  discontinuities  in 
the  liquid  back  to  the  receiver.  The  difference  between  the  transmitted 
and  the  reflected  frequencies,  called  the  'Doppler  shift',  is  analyzed  and 
the  flow  rate  of  the  slurry  is  displayed  in  velocity  units. 

gUrasonic  Transit.Tjme  Flow 

25.  One  of  the  disadvantages  of  the  Doppler  sonic  flow  meter  is 
that  there  have  to  exist  particles  or  bubbles  entrained  in  the  fluid.  The 
transit-time  technique  uses  two  sensors,  lined  up  at  an  angle  to  the 
direction  of  flow,  that  pulse  alternately.  A  time-differential 
relationship  proportional  to  the  time  required  to  convey  ultrasonic  pulses 
upstream  and  downstream  in  the  flow  is  calculated,  which  is  in  turn 
proportional  to  the  process  flow  velocity.  These  meters,  superior  though 
they  are  to  Doppler  sonic  flow  meter*,  are  more  expensive  and  made  for 
cleaner  liquids,  and  are  therefore,  not  suitable  for  dredged  slurry. 


rrgductlon  Metering  Sv«t#m 


26.  The  production  metering  system  features  a  single  display 
combining  both  slurry  velocity  and  slurry  density.  It  takes  Into  account 
the  interaction  between  density  and  velocity,  which  affects  solids 
production  rate.  The  data  from  the  flow  meter,  which  measures  the  total 
rate  of  flow  of  solids,  and  the  density  meter,  which  measures  the  specific 
gravity  of  the  pumped  mixture,  are  fed  Into  the  production  metering  system. 
It  indicates  the  total  rate  of  solids  flow  In  tons  of  solids  per  unit  time 
as  well  as  total  accumulated  production.  It  also  includes  a  ’totalizer' 
which  gives  a  continuous  indication  of  total  production  (project  total  or 

total),  eliminating  the  need  for  post-operation  computations  to 
determine  the  total  production. 

Automatic  Light  Mixture  Overboard  (ALMOl 

27.  It  is  an  installation  designed  to  optimize  the  hopper  filling 
process  by  allowing  only  mixture  with  a  predetermined  specific  gravity  to 
be  loaded.  Two  valves,  which  are  activated  by  data  received  from  the 
density  gage  and  flow  meter,  are  incorporated  into  the  pump  delivery 
system.  One  of  the  valves  causes  light  mixture  to  be  discharged  overboard 
while  the  other  directs  mixture  of  adequate  density  to  the  hopper.  The 
density  values  can  be  preset  in  accordance  with  the  nature  of  the  dredging 
process . 


Draft  and  Load  Meter 

28.  The  draft  and  loading  monitor  supplies  data  on  the  draft  and 
the  loading  of  the  vessel,  which  enables  the  dredgemaster  to  ensure 
efficient  loading  of  the  hopper.  Varying  circumstances  like  sailing 
distance  to  the  dump  site,  etc.  can  also  be  taken  into  account.  The 
sensors  are  pressure  transmitters  Installed  fore  and  aft  in  the  hoppers. 
Besides  data  on  loading  and  draft,  signals  representing  loading  rates  are 
also  transmitted  to  the  monitors.  Additional  equipment  can  be  installed  on 
vessels  equipped  with  ALMO. 
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Elbow 


25,  An  .Ibow  ..ter  Indict..  .Inrry  v.l.tity  by  ...snrlnj  th. 
pr.t.ur.  dift.r.ntl.1  b.t...„  .  pressure  t.p  on  the  Inside  end  .  press-ur. 
tep  nn  th.  outside  of  the  dUohsrs.  elbow.  The  dlff.r.ntl.l  pressure  1. 
..esured  by  ,f  dlephreg..  end  lo  converted  Into  en  el.ctrlcl  elgnel 

y  .  dlfferentle,  pressure  tr.nsduc.r,  Ih.  slgn.l  correct,  for  th.  elurr^ 
density  end  dlspl.ys  the  velocity  on  .  dl.pUy,  which  ..y  be  .nolo* 


or 


IT  w  w  ITJt  Y  >  ■ 


30.  Appendix  A  presents  the  list  of  manufacturers  approached  and 

Appendix  B  includes  brief  descrlntlnnc 

oriei  aescrlptions  of  currently  available 

Instrumentation  supplied  by  these  manufacturers. 

to  Wanufflg^^^yi>yy 

31.  Visits  to  two  manufacturers  (Texas  Nuclear.  Inc..  Austin  Texa. 
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PART  IV:  VISITS  TO  DREDGES 


32.  Visits  to  U.S.  Coverninent  dredges  and  private  dredges  in  the 
Southwest  Pass  area  of  the  Mississippi  Delta  were  arranged  and  conducted 
successfully  May  15  through  November  13.  1989.  Pertinent  characteristics 
of  the  dredges,  arranged  in  chronological  order  of  the  date  of  visit  are 
shovm  below: 

A.  OUACHITA,  May  16,  1989 

Type  -  Trailing  auction  hopper  (4,000  CY,  8,000  HP). 

®'^e^  *  Gulf  Coast  Trailing  Company. 

Instrumentation  •  Magnetic  flow  aeter,  nuclear  density  meter, 
production  meter,  load  meter. 

Dredge  OUACHITA  Is  well  instrumented  and  most  of  the  equipment 
Is  In  good  operating  condition.  The  exception  Is  the  totalizer 
which  has  been  used  very  little  due  to  the  many  problems 
encountered:  constant  maintenance  Is  required.  The 
instantaneous  production  can  be  determined  from  a  cross-point 
display. 


h.  DAVE  BLACKBURN,  May  17,  1989 

Type  •  Cutter  Suction  (27"  discharge  pipe,  6,950HP). 

Owner  -  Bean  Dredging  Corporation. 

Instrtimentation  •  Magnetic  flow  meter. 

Dredge  BLACKBURN  has  a  good  system  of  estimating  production  in 
®pite  of  the  fact  that  there  is  no  nuclear  density  meter 
available  on  the  dredge.  A  vacuum  gage  Is  used  to  measure 
density  which  appears  to  be  working  well.  The  question  remains, 
however,  as  to  the  accuracy  of  this  method.  The  dredge  has  most 
of  the  instrumentation  needed  to  provide  for  a  fairly  good 
estimate  of  production.  Production  Is  determined  from  a  cross- 
point  display. 

S..  EAGLE  I,  May  17,  1989 

Type  -  Trailing  suction  hopper  (6,300  CY,  11,685  HP), 

O^'^'^er  -  Bean  Dredging  Corporation 

Instrumentation  -  Magnetic  flow  meter,  nuclear  density  meter, 
load  meter. 

Dredge  EAGLE  I  plans  to  discard  the  nuclear  density  meter  In 
favor  of  a  vacuum  gauge  to  estimate  the  density  of  the  material. 
The  production  can  be  determined  from  a  cross-point  display. 

d.  WHEELER,  May  17,  1989 

Typ«  •  Trailing  suction  hopper  (8,000  CY,  10,500  HP). 

*  U.S.A.E.  (New  Orleans  District). 
Instrumentation  -  Magnetic  flow  meter,  nuclear  density  meter, 
production  meter,  load  meter. 

Dredge  WHEELER.  Although  being  fully  automated  and 
instrumented,  the  full  advantage  of  automation  is  not  utilized 
because  the  system  shuts  down  when  even  one  of  the  sensors  is 
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not  working, 
display . 


The  production  is  determined  from  a  cross*point 


McFARUVKD.  May  18.  1989 

-  Trailing  suction  hopper  (3,140  CY,  6,000  HP) 

-  U.S. A. E.  (Philadelphia  District), 
instrumentation  -  Magnetic  flow  meter,  load  meter. 

Dredge  McFARL^ND  Is  a  fairly  old  dredge  (constructed  in  1964) 
and  does  not  have  a  nuclear  density  meter.  Production  is 
estimated  by  observing  the  power  used.  The  density  of  macjrlal 
being  pumped  and  the  actual  production  cannot  be  estimated  with 
the  present  instrumentation. 

1.  ALASKA,  May  18,  1989 

*  Cutter  suction  (30  inch  discharge  pipe 

9,700HP).  6  K  p  . 

Ukes  Dredge  and  Dock  Company. 

Instrumentation-  Doppler  flow  meter,  nuclear  density  meter. 

Sinffe  apparently  made  attempts  to  develop  estimates  of 

density,  velocity  and  production;  however,  for  some  reason  the 
cross  point  display  was  abandoned  and  apparently  the  Doppler 
velocity  noter  has  not  been  very  satisfactory.  Production 
cannot  be  calculated  with  the  present  instrumentation. 

SUGAR  ISLAND,  August  1,  1989 

*  Trailing  suction  hopper  (3,600  CY) . 

*  North  Atlantic  Trailing  Company  (NATCO) . 
Instrumentation  -  Magnetic  flow  meter,  nuclear  density  meter. 

Dredge  SUGAR  ISLAND  is  one  of  four  almost  identical  hopper 
dredps  owned  by  NATCO.  Instrumentation  consists  of  nuclear 
density  meters  (Texas  Nuclear)  Installed  in  vertical  lines 

and  the  main  pump,  magnetic  flow  meters 
(IHC)  installed  in  vertical  discharge  lines  and  drag  positioning 
equipment  (Observator) .  *  p«»itxoning 

Nothing  has  been  replaced  on  the  flow  meters  and  all  original 
equipment  since  1986.  has  performed  well.  The  nuclear  density 
Mters,  also  Installed  in  1986.  are  performing  well  except  for^ 
^o  circuit  boards  which  were  replaced.  Production  is  estimated 
by  pre-  and  post -dredging  surveys. 

h.  STUYVESANT,  November  13,  1989 

*  Trailing  suction  hopper  (9.180  CY). 

,  *  Stuyvesant  Dredging  Comparv. 

Instrumentation  -  Magnetic  flow  meter,  nuclear  density  meter, 
production  meter,  load  meter. 

Dredge  STUYVES^  is  the  largest  hopper  dredge  in  the  United 
States;  most  of  the  instrumentation  Is  of  Dutch  origin.  One  of 
the  magnetic  flow  meters  is  inoperative;  however,  the  second  one 
hL^be^n^rllrf"®  The  source  strength  of  the  nuclear  source 

rteiJ  density  meters  were  getting  low  in 

'“bsequently  sources  were 

installed.  The  density  meters  are  routinely  calibrated  every 
two  months  (on  the  average).  ^ 


33.  Several  photos  taken  during  the  visits  are  shown  on  the 
following  pages  (Figures  1  through  19).  A  complete  photo  album  was 
prepared  and  submitted  to  the  Sponsor  separately. 
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EAGLE  I  -  Port  Si  do  Cons- 


6.  Drodr.e  EAGLE  I  -  Maenetic  Flow  Mot 
and  Nuclear  Density  Meter 


Figure  12.  Dredge  ALASKA  -  Drag  Tender  Control  Room  Display 
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Figure  13.  Dredge  ALASKA  -  Nuclear  Den¬ 
sity  Meter 


Figure  14.  Dredge  ALASKA  -  Doppler  Flow 
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lESULTS  OF  THE  SURVEY 


signed  to  obtAln  tbo  Dflxlnuis  inforiDstlon 
ed  on  dredges  for  the  purpose  of  measuring 
s -water  mixture  pumped  and  the  discharge 
were  developed  as  part  of  the  study;  they 
jf  the  respondent's  time, 
rfere  sent  to  dredging  contractors 
overseas  countries,  186  to  contractors  In 
)lstrlcts  of  the  U.S.  Army  Corps  of 
!vel  of  response,  follow-up  letters  were 
n  the  U.S.  and  31  in  the  overseas 
contractors,  45  percent  of  the  U.S.  Army 
it  of  the  overseas  countries  responded  to 
that  most  of  the  non-respondents  do  not 
own  hydraulic  auction  dradgea'  ar  do  not  have  Instrumentation  to  measure 
production  or  perhaps  considered  the  Information  proprietary. 

36.  The  complete  survey  response  is  shown  in  Table  1.  It  should  be 
noted  that  only  those  dredges  having  instrumentation  on  board  to  monitor 
production  during  the  dredging  process  are  included  in  Tables  2  through  6, 
whereas  Tables  7.1  and  7.2  include  the  total  number  of  dredges  owned  or 
operated  by  the  respondents . 


37.  Table  2  shows  an  overall  summary  of  the  survey.  Table  3  shows 
the  response  from  the  overseas  countries  and  Table  4  shows  the  response 
from  the  U.S.  contractors  and  the  U.S.  Army  Engineer  Districts.  This 
summary  has  been  developed  for  clear  presentation  of  results.  Each  dredge 
listed  in  Tables  3  and  4  is  described  in  more  detail  in  Tables  5  and  6, 
which  include  the  name  and  type  of  dredge,  contractor,  country  or  state, 
the  name  of  the  manufacturer  or  measuring  equipment  and  the  year  of 
purchase . 

38.  A  total  of  124  dredges  are  included  in  this  survey.  Of  these, 
72  dredges  have  some  instrumentation  to  monitor  production,  including  36 
trailing -suet ion  hopper,  33  cutter -suet ion  head,  2  side-caster  and  1 

suction  dustpan.  Contractors  from  16  overseas  and  16  U.S.  states  responded 
to  the  survey. 

39.  The  abstracted  summary  of  survey  results  for  each  item  is 
presented  below; 
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&■  fiffw  II1<‘ter  •  Magnetic  and  Doppler  flow  neters  are  the 

major  type  of  measuring  equipment  in  the  dredging  industry 
(90  percent,  i.e.  65  of  a  total  of  72  dredges).  The 
magnetic  flow  meter  is  more  popular  than  the  Doppler  flow 
meter  in  overseas  countries  as  presented  in  Figure  20. 

The  ratio  of  magnetic  to  Doppler  is: 

(Overseas  countries  -  4.7  to  1  and 
U.S.  •  0.94  to  1 

The  number  of  dredges  which  have  flow  meters  installed  as 
individual  units  are: 

Overseas  -  67  percent  (36  of  a  total  of  54)  and 
U.S  •  45  percent  (31  of  a  total  of  70). 

b.  Esng.lty  gag?  •  The  number  of  dredges  which  have  density 
gages  installed  on  them  are: 

Overseas  -  67  percent  (36  of  a  total  of  54)  and 
U.S.  •  30  percent  (21  of  a  total  of  70). 

Nuclear  density  gages  constitute  the  major  portion,  i.e. 

74  percent,  of  all  density  gages  (53  of  a  total  of  57 
density  gages)  as  seen  in  Figure  21. 

£■  Production  meter  .  The  number  of  dredges  which  have 
installed  complete  Production  Meter  Systems  are: 

Overseas  -  63  percent  (34  of  a  total  of  54)  and 
U.S.  -  17  percent  (12  of  a  total  of  70). 

IHC  (59  percent)  and  Texas  Nuclear  (9  percent)  are  the 
major  suppliers  of  this  instrument.  A  number  of 
contractors  have  integrated  flow  meters  and  density  gages 
on  their  own,  using  in*house  computer  software  to 
determine  production  rates.  The  results  are  presented  in 
Figure  22. 

Display  system  •  The  most  common  forms  of  display  are: 
Analog  -  66  percent  (46  of  70  respondents). 

Cross-point  -  36  percent  (25  of  70), 

Digital  -  29  percent  (20  of  70),  and 
Graphic  -  14  percent  (10  of  70). 

A  number  of  dredges  are  equipped  with  multi -display 
systems  such  as  digital,  cross-point  or  graphic  combined 
with  an  analog  system. 

£•  Unit  of  measurement  •  The  most  frequently  used  units  are: 

VglgCity:  Overseas  •  m/see  (92  percent)  and 
U.S  -  ft/sec  (97  percent) 

Density:  Overseas  -  tons/m3  (71  percent) 

•  S.G.  (26  percent)  and 
U.S.  -  gm/1  (48  percent) 

•  S.G.  (33  percent) 

ErpdygtlPT):  Overseas  -  tons/hr  (61  percent)  and 
U.S.  -  tons/hr  (50  percent). 
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Figure  22.  Production  meters 


No  motors 
37.0?5 


i-  liF?  gf  V??..  *  79  percent  of  the  dredge  operators  (54  of 
68  respondents)  use  the  equipment  over  90  percent  of  the 
time . 

&■  Ee.Ilabllitv  of  eouioment  .  81  percent  of  the  dredge 

operators  (51  of  63  respondents)  report  a  reliakliity  of 
over  80  percent.  Results  are  presented  in  Figure  23. 

b-  of  maintenance  and  repair  -  ticst  of  the 

equipment  surveyed  was  not  In  need  of  frequent  maintenance 
or  repair.  Less  than  once-«-year  maintenance  (64 

t  Of  once-a*year  repair  (58  percent)  was  common. 
Results  are  presentsd  in  Figure  24. 

1-  Eating  the  equipment  -  On  a  scale  ratio  of  1  to  10, 
whct'e  10  represents  excellent  equipment  and  1  represents 
very  poor  quality,  56  percent  of  the  dredge  operators 
report  a  rating  higher  than  7  (40  of  60  respondents)  as 
can  be  observed  from  Figure  25. 

J..  Miscellaneous 

76  percent  of  the  dredges  have  had  no  modifications  on 
their  original  equipment  (52  of  68  respondents). 

•  69  percent  have  no  electronic  technician  on  board  (48 
of  70  respondents). 

•  74  percent  need  assistance  from  the  manufacturer  of  the 
equipment  (51  of  69  respondents). 

90  percent  use  the  equipment  to  improve  production  (65 
of  72  respondents) . 

94  percent  use  the  equipment  to  increase  density  of  the 
slurry  being  pumped  (68  of  72  respondents). 

-  94  percent  of  the  project  managers  use  the  equipment  to 

improve  production  (68  of  72  respondents). 

69  percent  of  the  project  managers  use  the  equipment  to 
determine  long-term  capability  of  the  dredge  (50  of  70 
respondents) . 

74  percent  of  the  project  managers  use  the  equipment  to 
evaluate  the  relationship  between  type  of  sediments  and 
production  (53  of  72  respondents). 

29  percent  of  the  project  managers  use  the  equipment  to 
estimate  pay  quantities  (21  of  72  respondents). 

67  percent  of  the  project  managers  use  the  equipment  to 
develop  long-term  records  (48  of  72  respondents). 

40.  Compared  with  the  previous  survey  (Herbich,  1980),  the  number 
of  dredges  with  instrumentation  to  monitor  production  has  increased  from  30 
percent  to  58  percent  in  a  decade.  The  increase  in  the  U.S.  is  from  7 
percent  to  46  percent,  while  overseas  it  has  remained  at  a  constant  75 
percent.  The  results  are  tabulated  in  Table  7.1.  The  percentage  of 
dredges  equipped  with  complete  production  meter  systems  is  much  higher  in 
the  overseas  countries  (63  percent)  as  compared  to  the  U.S.  (17  percent) 
which  is  presented  in  Table  7.2 
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PART  VI;  CONCLUSIONS 


41.  Most  modern  dredge  ovmers  have  realized  the  need  for  some  type 
of  instrumentation  that  would  permit  monitoring  of  production  during  the 
dredging  process.  This  can  be  concluded  from  the  results  of  the  survey, 
which  show  that  58  percent  of  the  modem  dredges  in  this  survey  have  some 
instrumentation  on  board  to  monitor  production. 

42.  Complete  Production  Meter  Systems  are  installed  on  very  few 
dredges  in  the  U.S.  (17  percent).  The  maintenance  or  repair  of  the 
equipment  requires  either  skilled  technicians  or  assistance  from  the 
manufacturer.  Wherever  they  have  been  installed,  the  measured  production 
has  increased  substantially  (Wells,  1974),  sometimes  even  by  40  percent. 

43.  Though  the  nuclear  density  gage  is  reliable,  accurate,  and  safe 
to  use,  it  employs  a  radioactive  source  and  a  Nuclear  Regulatory  Commission 
license  is  required  for  its  operation  in  the  U.S.  Many  operators  are 

disinclined  to  use  this  type  of  gage  (Pankow,  1989)  because  of  the  required 
training  and  licensing. 

44.  With  regard  to  the  reliability  of  the  instrumentation,  most 
dredge  operators  are  satisfied  with  their  equipment;  81  percent  believe  the 
equipment  to  be  over  80  percent  reliable.  On  a  scale  ratio  of  1  -  10,  67 
percent  rate  the  equipment  higher  than  7.  All  the  dredge  operators  agree 
that  tho  equipment  is  useful  in  improving  production  rates  and  evaluating 
total  solids  production. 

45.  The  combination  of  a  magnetic  flow  meter  and  a  nuclear  density 
pge  appears  to  be  more  popular  than  that  of  a  Doppler  flow  meter  and  a 
nuclear  density  gage,  more  so  among  overseas  contractors.  This  can  be 
inferred  from  the  fact  that  75  percent  of  the  dredges  having  both  a  flow 
meter  and  a  density  gage  are  equipped  with  a  magnetic  flow  meter  and  a 
nuclear  density  gage  (overseas  --  82  percent,  and  U.S.  --  62  percent). 
Experimental  results  (Pankow.  1989)  have  also  indicated  that  the  most 
reliable  instruments  are  the  magnetic  flow  meter  for  slurry  velocity  and 
the  nuclear  density  gage  for  density  measurement. 

46.  A  number  of  dredges  have  both  flow  meters  and  density  gages  but 
lack  production  meters.  A  majority  of  such  dredge  operators  Integrate  the 
output  from  the  two  devices  and  calculate  the  production  rate  and 
accumulated  production  by  using  ‘in-house'  software  as  Indicated  in  the 
responses  of  the  survey. 
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47.  With  regard  to  any  inherent  problems  with  the  instrumentation, 
the  magnetic  flow  meter  is  for  the  most  part  reliable  and  maintenance - free . 
However,  most  dredge  operators  would  like  to  see  the  life  of  the  lining 
improved.  The  polyurethane  lining  has  been  substituted  with  a  basalt 
lining  on  some  meters,  however  no  comments  were  received  from  the  dredge 
operators  with  regard  to  the  life- expectancy  of  the  new  liners.  No  major 
problems  were  reported  for  the  nuclear  density  gage;  it  is  found  to  be  very 
reliable  provided  it  is  installed  at  the  proper  location  on  the  pipe  and  is 
electronically  calibrated  every  9-12  months.  Since  density  changes  in  the 
flow  are  not  transmitted  instantaneously,  the  dredge  should  ideally  be 
equipped  to  measure  density  as  near  the  suction  inlet  as  possible. 
Instruments  in  use  currently  are  installed  near  the  dredge  pump  (Denning 
1971)  which  result  in  an  output  that  is  delayed  by  a  few  seconds  after  the 
material  has  passed  the  suction  head.  Cost  is  the  major  deterrent  for  the 
nuclear  density  gage  as  well  as  the  licensing  procedure  required  by  the 
Nuclear  Regulatory  Commission. 

48.  The  Doppler  flow  meter  is  the  most  economical  type  of  flow 
meter,  however  the  accuracy  of  the  meter  is  sometimes  in  question  (Pankow 
1989.  DeVries  1986  and  Denning  1971);  also  it  may  not  be  suitable  for  a 
broad  range  of  slurry  concentration  (Colwell,  et  al.  1988)  and  particle 
size.  A  combination  of  recent  improvements  are  making  the  Doppler  flow 
meters  more  accurate  and  they  are  gaining  acceptance  as  a  reliable  method 
for  measuring  liquid  flows.  Some  of  the  recent  advancements  (Smith  1985) 
include  the  following:  different  operating  frequencies,  larger 

transducers,  better  signal-to-noise  ratios  and  internal  frequency  standard 
for  easier  re-calibration. 

49.  Some  problems  have  been  reported  with  sophisticated  automated 
systems  such  as  the  one  installed  on  the  U.S.  Army  Corps  of  Engineers' 
dredge  WHEELER.  Despite  the  fact  that  the  instrumentation  has  the  capacity 
of  obtaining  a  high  level  of  efficiency,  full  automation  is  not  utilized, 
the  principal  reason  being  that  the  failure  of  a  single  sensor  results  in  a 
complete  shut-down  of  the  entire  system.  Parts  of  the  system  are  used 
individually  and  they  work  reasonably  well. 
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Table  1. 

Survey  Response 


1 

Overseas 

U.S.A 

U.S.A.E 

Total 

Total  Number  Sent 

472 

186 

11 

669 

Total  Responses  Received 

53  (  11  %) 

45  (24  %) 

Responses  analyzed'" 

15 

■ 

2 

33 

Responses  not  analyzed'**’ 

-  wrong  address 

21 

14 

0 

35 

-  no  longer  in  business 

9 

2 

0 

11 

-  no  instrumentation 

8 

13 

3 

24 

(i) :  Analysis  was  only  conducted  if  there  was  an  indication 

that  some  instrumentation  was  installed  on  the  dredge 

(ii) ;  Total  Responses  Received  =  (»)  +  (»■») 
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Table  2. 

Summary  nf  Results  . 


U.S.A.E.  I  TOTAL{  %) 
es  2  dredges 


Sheet  1  of  3  *  multiple  display  systems  on  many  dredge 
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Table  2.  (Continued) 


Survey  Item 


U.S.A.E.  TOTAL(  %) 


9.  Time  of  Use 


10.  Reliability 


11.  Frequency  of 
Maintenance 


12.  Frequency  of 
Repair 


13.  Rating  on  a 
Scale  of  1  to  10 
(1  =  poor) 

(10  =  perfect) 


14.  Any 
Modifications 
Made 


15.  An  Electronics 

Technician 
on  Board 


16.  Assistance 
Needed  from 
Manufacturer 


No  Response 


Sheet  2  of  3 

answers  were  varied  but  the  majority  were  less  than  once-a-year 


Survey  Item 


Overseas 


17.  The  acquired  information 
is  used  by  the  operator  to... 

improve 

production 

Yes 

34 

1 

increase  density 
of  the  slurry 
being  pumped 

Yes 

38 

1 

1 

18.  The  acquired  information 
is  used  by  the  project  manager  to  ... 

improve 

production 

Yes 

38 

No 

Wo  Response 

2 

determine 

long-term  capability 
of  the  dredge 

Yes 

30 

4 

6 

calculate  relationship 
between  sediment  type 
&  production 

Yes 

30 

No 

2 

8  ■ 

estimate 
pay  quantities 

_ _ l 

12 

19 

9 

develop 

long-term  records 

_ i 

29 

5 

6 
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Table  7.1 

Summary  of  instrumentation  on  Dredges 


1980* 

1989 

U.S.A  k 
CANADA 

OVERSEAS 

TOTAL 

U.S.A  k 
U.S.A.E 

OVERSEAS 

TOTAL 

3/45 

17/22 

20/67 

32/'^0 

40/54 

72/124 

(6.7%)** 

(77.3%) 

(29.9%) 

(46%) 

(74%) 

(58.1%) 

•  “Operating  Characteristics  of  Cutterhead  Dredges” 

Presented  by  J.  B.  Herbich  at  WODCON  IX,  1980. 

**  Percentage  indicates  the  ratio  of  total  respondents  having  some 
instrumentation  on  their  dredges  vs.  total  respondents 


Thble  7.2 

Summary  of  production  meters  on  Dredyes 


j  1989 

1  U.S.A  k 

1  U.S.A.E 

OVERSEAS 

TOTAL 

1  12/70 

34/54 

46/124 

j  (17%) 

(63%) 

(37%) 

Table  8. 

Manufacturers  of  Measuring  Eaulnment 


Manufacturer  Doppler  Magnetic 
Flowmeter  Flowmeter 


Nuclear 
Density  Meter 


Production 

Meter 


TOREIGN  MANUFACTURERS 


Frieske  &  Hoepfner 


G.  H. 


Meconaut 


Mitsubishi 


W.  Davidson 


Ramsay 


AMMCO 


Dynasonics 


Motorola 


Pajametrics 


Polysonic 


*  Displacement  Density  Gage 
Weight  Density  Meter 

•••  Production  discontinued.  ElUcott  now  handles  sMe  of  IHC  equipment 
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TjiJ 


Manufacturer  Size  Accuracy  Accuracy  Maintenance  Reliability 

available  claimed  reported  required  reported 

(pipeO.D.)  (%F.S.*)  (%F.S.*)  (months)  (%) 


Alto 


Dynasonics** 


Fischer  &  Porter 


IHC 


Meconaut 


F.S.  -  full  scale 

*  mag  probe  integral  transmitter 


80-100 


>  99.5 


18 

80 

2-12 

80-100 

3 

85-98 

Table  9.2 

Characteristics  of  Doppler  Flow  Meters  Covered  in  This  Survey 


Manufacturer 

Size 

Accuracy 

Accuracy 

Maintenance 

Reliability 

a\'ailable 

claimed 

reported 

required 

reported 

(pipe  O.D.) 

{%  F.S.) 

(%  F.S.) 

(months) 

(%) 

AMMCO 

100 

100 

IHKdiSSM&Hlil 

90 

100 

Dynasonics 

■■■11 

Panametrics 

>  1/8” 

95-98 

■^■■1 

Polysonic 

any 

98 

50-80 

1-12 

90-95 

any 

50-100 

1-6 

60-90 

90 

6 

90 
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Table  9.3 

Characteristics  of  Nuclear  Density  Meters  Covered  in  This  Siirypy 


Manufacturer 


Ellicott 


Frieske  &  Hoepfner 


IHC 


Kay-Ray/Sensall 


Accuracy 
claimed 
(%  F.S.) 


Accuracy 
reported 
(%  F.S.) 


Maintenance 

required 

(months) 


99 


Meconaut 


Texas  Nuclear 


0.0001  gm/cm^ 


50 


70-95 


80 


70 


50-80 


12 


M2 


12 


Reliability 

reported 

(%) 


90 


80 


80-100 


95 


85-98 


60-90 


Table  9.4 

gharaqteris.tics  of  Production  Meters  Covered  in  ThU 


Manufacturer 

Accuracy 
reported 
(%  F.S.) 

Maintenance 

required 

(months) 

Reliability 

reported 

(7c) 

50 

6 

90 

80-95 

3-12 

80-100 

3 

98 

Mitsubishi 

40 

none 

i  20 

10 

30 

50-80 

70-90 

90 

6 

90 

50-60 

90 
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APPENDIX  A:  LIST  OF  MANUFACTURERS 


Manufacturer 


Instrumentation 


Dvnasonlcs 
P.  0.  Box  667, 

Naperville,  IL  60540 
(312)355-3055 

Q.  Chandler  Engineering 
7707  E.  38  St, 

Tulsa,  Oklahoma  74145 
(918)627-1740 

Elllcott  Machine  Corporation 
1611  Bush  Street, 

Baltimore,  MD  21230 
(301)837-7900 

Fischer  and  Porter 
Warminster,  PA  18974 
(215)674-6000 

IHC  Holland 
P.  0.  Box  1, 

2960  AA  Kinderdijk, 

Holland 


Kav-Rav/Sensall.  Tnc. 

1400  Business  Center  Drive, 
Mt.  Prospect,  IL  60056 
(708)803-5100 

Meconaut  BV 
P.  0.  Box  222, 

3370  AE  Hardlnseveld 
Giessendam,  The  Netherlands 


Ohmart 

4241,  Allendorf  Drive, 
Cincinnati,  Ohio  45209 
(513)272-0131 

Panametrles 
221,  Crescent  Street, 
Waltham,  MA  02254 
(617)899-2719 


flow  meters  (ultrasonic,  transit- time, 
insertion  type,  magprobe  magnetic, 
portable 


gravitometers,  densitometers, 
pulsimeters 


production  metering  systems 


magnetic  flow  meters 


magnetic  flow  meters,  nuclear  density 
meters,  production  metering  systems, 
load  meters,  pressure  indicators, 
dredged  profile  monitors, 
sedimentation  monitors,  ALMO,  pump 
controllers 

nuclear  density  meters,  production 
metering  systems 


magnetic  flow  meters,  nuclear  density 
meters,  production  metering  systems, 
load  meters,  pressure  indicators, 
dredged  profile  monitors, 
sedimentation  monitors,  ALMO,  pump 
controllers,  dragarm  monitors 

nuclear  density  meters 


flow  meters  (ultrasonic  transit-time, 
portable ) 


ultrasonic  flow  meters 


fplysonlcs 
P.  0.  Box  22428, 
Houston,  TX  77227 

Texas  Nuclear 
Box  9267, 

Austin,  TX  78766 


nuclear  density  meters,  ultrasonic 
flow  meters,  production  metering 
systems 


APPENDIX  B;  BRIEF  DESCRIPTIONS  OF  CURRENTLY  AVAILABLE  INSTRUMENTATION 


DYNASONICS 


1  inch  to  60  inch  pipes, 

Claap^on  trensducers. 

not  for  dr.dslng 


Us«  the  .an.,  principle  ..  the  Doppler  sonic  oeter  but  the  probe 
*  permanently  Installed  in  the  pipe,  which  may  pose  a 
proDlem  for  dredging. 

1  inch  -  48  inch  pipes. 

^wo®  ***  positioned  at  the  mean  velocity  point,  typ5callv 

Uses  high  frequency  reflected  ultrasonic  beam. 


i.  1-1/4  inch  to  60  inch  pipes. 

^’linV.’'^*  magnetic  flow  meter  which  is  installed  in  the  discharge 


ELLICOTT  MACHINE  CORPORATION 


iEPMS)* 


i.  Can  be  used  on  any  size  dredge 

“■  converts  the  pressure 

eleft”cal  slj^ar*"  *  ’=^®  *" 

^«nsU  «adlngs^"'"''°"  aliminated  by  using  the  average  of  two 

'v;  vater..ollds  mixture. 

*^aolids*  •"**  accumulated  production  in  short  tons  of 

vll.  Records  information  on  a  three  channel  atrlp-chart  recorder. 

mtCfftt  Production  Meter  Svs»>ik  fEPMS  II 

1.  Single  graphical  display  that  automatically  combines  slurry 

ojiraJ^.*"**  Indicate  the  production  r«e  to  the 

li.  Instantaneous  and  accumulated  production, 
iii.  Measures  specific  gravity  by  means  of  a  nuclear  density  gage  and 
_ _ velocity  by  any  type  of  flowmeter.  ^  *  * 

*  No  longer  being  manufactured.  Supply  of  parts  and  service  is  continuing. 
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IHC  HOLLAND 


fadyctlve  FlovrafP  Tn,^^np^^, 


1.  no.  ..c.r  .  „u.l.„  .„„ 

Slightly  greater  than  the  internal  diameter  of 
discharge  pipe  as  compared  to  combined  length  of  serrate 
concentration  and  flowrate  indicators.  separate 


ndicatoi 


sductloT 


display  Indicator  provides  quantity  in  tons  of 
solldsAl-e.  density  .f  the  „t.rl.l  p^p.d  L  th.T.lfolty  in 

“•  ‘n“owrft:%rd'i/etrr“‘'‘'  ‘""“5-  ~»r  .nd  the 

kay-ray/sensall.  INC. 


i.  Field-mountable, 

ii.  Factory  calibration. 

iii.  Accuracy  up  to  1  percent  of  full-scale  range. 

Flow  MeasnrAiront-  SvstPm 


MECONAUT 


.5: 


T  SIT  ■  T.r  vvtmr  i 

i.  Continuous  density  measurement. 

il.  Stainless  steel  housing  or  Permacron(*^>  coated  steel 
iii.  Accuracy  up  to  0.0001  gm/cm^  coacea  steel. 


ii’  attenuating  field 

^  ^  diameter  and  greater 

ill.  Neoprene,  PIPE  (Teflon>  liner  or  poiynr.thene  herd  end  soft  rubber 

iv.  Measuri'ns  dtror  less  than  0.5  paroent  of  full-scale  ranee 
V.  Unearity  error  less  than  0,1  peroent  of  fun-Ha! 
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C.  £l.p.jyctl<?n-Calcul3tc»r.  fProductlon  Metering  System) 

i.  Analog  output  of  production  In  n^/hr  or  tons/hr. 

ii.  Resettable  digital  output  of  shift  production, 
lii.  Digital  output  of  cumulative  production. 

d.  tle.g..pngvt  .D.ata  Proces.sin2:  Program 

1.  Used  for  dredging  optimization, 

ii.  Provides  visual  display  of  data, 

iii.  Generates  reports  on  printer  and/or  video. 

Iv.  Plots  data. 


PANAMETRICS 

a.  Ultrasonic  Transit^time  Flow  Meters 

i.  1/8  inch  to  80  inch  and  greater  pipes, 

ii.  Accuracy  of  2  to  5  percent, 

iii.  Uses  transit- time  technique, 

iv.  Volumetric  unit  of  measurement. 

POLYSONICS 

a.  Hornier  Flowmeter 

i.  Permanently  mounted  on  discharge  line, 

ii.  Accuracy  up  to  2  percent  of  full  scale  range. 

b.  Dornler  Ultrasonic  Flowmeter 

i.  Non -invasive  type  flowmeter, 
ii.  No  pipe  size  limitation. 

iii.  Provides  rate  of  flow  and  total  volumetric  flow, 

iv.  Accuracy  up  to  2  percent  of  full-scale  range. 

c.  Portable  Ultrasonic  Flowmeters 

i.  Wide  range  of  light-weight  compact  flowmeters. 

TEXAS  NUCLEAR 

a.  Nuclear  Density  Meter 

i.  Measures  density  by  energy  absorption  method, 
ii.  Automatic  source  decay  compensator. 

b.  Doppler  Sonic  Flow  Meter 

i.  Digital  readout. 

ii.  Strap-on  mounting  without  grease  or  epoxy, 

iii.  No  limitation  on  pipe  size. 

iv.  If  combined  with  a  nuclear  density  meter,  mass  flow  can  be 

calculated  which  would  provide  density,  flow  rate,  totalized  mass 


flow,  solids  content, 
weight . 


totalized  dry  aolids  content  and  dry  solids 


MeterinP 


i. 

ii. 


Cross-point  indicator. 

Input  data  are  provided  from  the 
flowrate  indicator. 


nuclear  density  meter  and  the 


APPENDIX  C:  MEMORANDA  OF  VISITS  TO  DREDGES 


HMLMORANDUM  FOR  THE  RECORD 


SUBJECT: 


8^000  HP)  OUACHITA  (trailing  suction  hoppper.  A, 000  CY, 


lllTel  loli  Tnvlt^  W^^'erth  aboard  the  supply  vessel  Bayou  Chene  at  the 
Venice.  Uuisiana  on  May  16.  1989.  The  contractor.  Gulf 

u  l  t  ‘’y  C°“P“y  ’'ith  participation 

The  HAM^clSa^rr"'^’  *  felgiu®  Company.  Dredging  International. 

The  HAM  Company  is  very  much  involved  with  the  dredging  operation  and  has 

an  engineer  super-^sing  the  work.  Dredging  International  is  more  of  a 

P«tner.  The  dredge  was  built  under  the  supervision  of  HAM  and  this 
The^drL*'^^  recently  bought  Volker  Stevin.  another  Dutch  dredge  company. 

operating  at  the  time  under  an  emergency  contract  beLuL  of 
a  Russian  ship  that  ran  aground  and  partially  blocked  the  channel.  This 

Tddlt  transported  into  the 

middle  of  the  channel.  Three  to  four  ships  have  run  aground  subsequent  to 

III  ®  the  Russian  vessel.  It  took  about  three  weeks  to\emovr 

out  befo^rrr^^K?  which  was  loaded  with  grain.  The  grain  had  to  be  pumped 
out  before  the  ship  was  finally  moved.  This  occurred  at  the  place  where 

boardt  rh*  ohange .  ^e  river  pilot  laaves  the  vessel  and  the  Gulf  pilot 

do«  happens  the  ship  slows  down  considerably  and 

does  not  have  the  maneuverability  required.  ^ 

instrumented  and  all  equipment  was  in  operating 
condition,  ^e  dredge  was  built  in  1985  at  Twin  City  Shipyard  in^St  Paul 

bv^Ber^hoid  c*"*  system  consists  of  a  nuclear  density  meter  made’ 

Since  th  d  **®ing  *  Cesium  137  radioactive  source  (Figure  2). 

thirwae  c  ®  ®  problem  with  the  nuclear  source, 

this  was  caused  by  accidentally  dropping  the  unit.  The  magnetic  flow  meter 

is  made  by  Remag  and  after  it  was  installed  there  was  a  problem  with  the 

'll!  ^’y  «  which  also  damaged^the  probes  at  the 

same  time  (Figure  2).  The  liner  was  replaced  once  and  the  proJH^ere  also 
replaced  once  since  1985.  The  cross-point  display  was  repUced  onH  Ind 

ntt?rLc*’®’''‘  toLllzer  has  been  uLS  very 

little  because  or  many  problems;  it  requires  constant  maintenance.  ^ 

«e  Observator.  Rotterdam;  the  units  used 

are  long  tons.  The  hopper  capacity  is  4,000  cubic  yards.  When  the  shin  is 

1°"'  «orr.sp.iSrt.  ."ut  I 

tons  of  silt  and  about  2.050  tons  of  sand.  The  specific  gravltv  of 
sediment  in  situ  is  taken  at  1.90.  o  y 

pother  Instrument  installed  on  the  dredge  la  a  trim  and  hopper  loadina 
gauge  showing  the  draft  AP  in  feet  of  sea  water,  the  draft  FP  In  feet  ff 
sea  water  and  the  mean  draft  displacement  in  lonz  tons  It  is  al.rLdf  bv 
y®«s*l  »hows  about  4  foot  trim  when  empty.  Other  displays 
d^iitv  discharge  pipe  between  6-20  feet  per  second  ^ 

wter^  ^  ^  ^  ’  **  ***  ****  the 
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Ob.crue.ion  L  .h.  Hn^rlnl'^^r  '.J  L“'  JSfstbl"  “ 

probably  less  accurate  than  the  The  bubbler  system  is 

to  be  .boot  6  looher  .^d“hS  irLJsL^!5'*;  «““t,<. 

has  been  performing  veil.  adequate.  The  bubbler  system 

him.  The  density*of*^ffiaterial"beiig^i2Ded^r*l  of 

with  a  range  of  0.75-1.0,  the  velocitv  die  i*  cubic  yard 

0  to  30  ft  per  second  and  the  Drodur^^  4^  feet  per  second  from 

100  to  800  cubic  yards  per  houJ  ?her^? 

at  the  main  pump  with  a  range  of  0  to  60^isl  ^d  I  v®  *  Pressure  gauge 

pump  with  a  range  from  0  to  30  inches  Hr  Othlt  J/T'™  f“T 
dredging  depth  indicator  and  an  angL  Jhat  Se  101'*"  * 

horizontal.  Ve  asked  the  drac  tanLr  k  ^  the 

Instrumentation  in  front  of  him  with  th  ^ore  not  to  have  all  this 
he  be  able  to  operate  the  drag  arms?  He  of  vacuum  gauge,  would 

operate  a  dredge  without  nronfr  i  i  ***  would  not  know  how  to 

i-taii.d  i„  th®:  d«XL"fr.r": 

Because  the  direct  view  of  the  rahi  4  davits,  trunions,  cables,  etc. 

installed  to  beirthe  dr«.«od!foL%.^  dbstruct.d,  the  TV  .onltors  iere 
the  .any  things  Lt  tj.  ttag  tend^r^ftrtL  J  “J'T  '"‘'‘•"'J'-  O™  »f 
supporting  the  drag  a™  ate  taut.  The  AmruJu"Jr^« 

per  hour  for  automatic  overboard  discharge.  at  0.82  cubic  yards 

?:'th':  .nd  di,eK.rgi„g  „eerial 

found  that  a  great  deal  of  fluid  mnd  i  channel.  Upon  inquiry  we 

station  10184o.3  arLasurf^bv  T.rt  from  aboGt 

indicates  the  top  of  the  fluid  mud  layer°'‘Se"fifor“*"''^ 

For  this  reason.  Dredge  OAUCHITA  did  llil  Jt  aware  of  this, 

vhere  the  material  uafra-sosj^df^anl  *  "“"'h 

the  Cult.  .et  ulth  C.ptaIrct^l“^ota.n;"J:Lro:r"su""“ 
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MEMORANDUM  FOR  THE  RECORD 


SUBJECT: 


Visit  to  Dredge  DAVE  BLACKBURN  (cutter  suction,  27»inch 
discharge  pipe,  6,950  HP) 


?  1?®  ^  ®ean  and  Mr.  Ancil  Taylor  at  their  office  in 

Louisiana  on  May  17.  1989.  and  then  visited  the  Dredge 
BLACKBURN  which  was  tied  up  in  the  Southwest  Pass  of  the  Mississippi  Delta. 

The  B^CKBURN  has  a  cross  point  display  showing  density  of  the  naterial 
pjmped,  velocity  In  the  discharge  pipe  and  the  production.  The  input  into 

Th!  computed  density  rather  than  measured  density, 

^e  BLACKBURN  has  no  nuclear  density  meter.  The  density  is  computed  using 
the  vacuum  gauge  reading  and  the  velocity  readings.  Since  the  vacuum 
readings  are  important  for  the  accuracy  of  these  calculations,  these  gauges 
are  calibrated  every  two  weeks.  It  was  pointed  out  that  the  cost  of  the^ 
nuclear  density  meter  is  about  $30,000  while  the  cost  of  a  good  vacuum 

puge  is  about  $1200-1300.  Several  gauges  are  required  at  various 
locations . 


The  magnetic  flow  meter  is  made  by  Alto  (Figure  4) .  Measurements  are  taken 
variables  which  should  be  monitored  on  any  given  project,  more  than 
100  channels  are  available  for  data  acquisition  on  any  particular  project 
or  for  any  particular  study.  The  output  is  printed  every  4  hours  and"^ 
includes  the  velocity  or  discharge  reading,  density,  suction  pressure 
discharge  pressure,  cutter  amperes,  port  winch  amperes,  starboard  winch 
amperes,  hourly  production  and  effective  dredge  time. 

The  operator  uses  a  joy  stick  to  control  the  operations.  Width  of  cut. 

centerline  deviation  from  the  centerline  in  degrees  are 
displayed  and  visible  to  the  operator.  The  operator  also  looks  at  the 
cross-point  display  which  shows  the  density,  velocity  and  production.  The 
operator  is  particularly  interested  in  production  values  at  any  given  time 
Once  a  week  the  equipment  is  maintained  and  checked.  The  equipment  which  ’ 

abLJ"l7^h^®‘*  reliable,  and  had  one  breakdown  for 

about  12  h^rs  during  that  period.  Pressure  transducers  are  made  by  Druck 
mpany.  There  is  a  bracket  holding  the  transducer  on  a  pipe  and  a  cable 
is  used  to  transmit  the  pressure  values  to  the  operator. 

3^1  controls  are  set  by  the  leverman  which  include  the  minimum 

velocity  required  to  maintain  pumping  and  the  maximum  velocity  which  is 
limited  by  the  horsepower  available.  There  are  plans  to  fullv  automura 
dredge  BLACKBURN  during  the  next  18-20  months.  ^  ^  •utomatc  the 
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MEMORANDUM  FOR  THE  RECORD 


SUBJECT: 


11^685  HP) ^  (trailing  suction  hopper.  6.300  CY, 


We  visited  the  Dredge  EAGLE  I  with  Mr.  Ancil  Taylor  after  visitine  the 
the'^in  dredge  is  equipped  with  a  cross-point  display  and 

■  Ind  It  rr  r?®  display  cones  from  the  nuclear  density  ncer 

Thf  n  magnetic  flow  meter,  both  manufactured  by  IHC  Holland  (Figure  5) 

The  nuclear  density  meter  has  been  installed  in  a  vertical  pipe  and  was 

monthc  rr-*  calibrated  electronically  every  9-12 

rel^bli^  The  magnetic  flow  meter  has  also  been  found  to  be 

rrJ  ^  T  ®  Installed  once  in  both  of  the  pipes 

(Figure  6).  The  magnetic  flow  meter  liner  includes  basalt  particles  and  is 
a  replacement  for  the  polyurethane  lining.  The  operators  hLInotJeen 
P5^ol>lems  with  the  cross-point  display.  The  drag  tender 
indicated  that  gas  in  the  sediment  interferes  with  the  readings  so  that  in 
areas  where  gas  is  present,  the  readings  may  not  be  accuraT 

ItlrT  replaced  and  need  to  be  calibrated  every  few 

y  rs.  The  transducers  were  not  as  accurate  as  some  other  type  of 
equipment  on  the  dredge  prior  to  recalibration.  The  Automat^  Light 
Mixture  O-.erboard  (ALMO)  unit  has  some  problems,  mostly  mechanical 

shif^*’^*  electronic  technicians  on  the  dredge,  one  for  each  12  hour 

Positioning  system  on  the  EAGLE  includes  the  Del  Norte  transponder;  there 
is  a  visual  display  on  the  monitor  within  sight  of  the  drae-tender  Th*. 
dr.6.te„d.r  .Iso  h.s  .  dlspl.y  ot  positions  It  both  drst"™.  S. 

qutpnont  v.s  ..nufaotur^  by  Obs.rvator;  It  shoos  ths  displacement  end 
draft  at  aft  and  fore.  The  displacement  accuracy  is  probably  less  than  two 
feet,  and  no  problems  were  encountered  with  the  displacement 
instrumentation. 

T  ‘=°“Pany  is  thinking  about  using  the  vacuum  gauge 
meterJn  l!  "ucl ear  density  meter.  They  also  find  the  magnetic  flow® 
installers**  ’'eliable  and  maintenance -free  except  when  abused  by  the 
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MEMORANDUM  FOR  THE  RECORD 


SUBJECr; 


yn*^rtr>  WHEELER  (trailing  suction  hopper,  8,000  CY, 

xU I DUU  HF ) 


We  visited  the  U.S.  Army  Corps  of  Engineers  Dredge  WHEELER  on  May  17,  1989. 
Mr.  Edward  A  Morehose,  Chief  Mate,  took  us  around  the  dredge  and  showed  us 
instrumentation  of  interest  to  our  project.  Dredge  WHEELER  Is  the  most 
modern,  fully-a«Jtomated  and  Instrumented  dredge  in  the  United  States,  if 
not  in  the  world.  Most  of  the  instrumentation  is  used  to  obtain  a  high 
level  of  efficiency;  however,  full  automation  Is  not  being  utilized.  The 
principal  reason  being  that  If  just  one  sensor  in  the  fully  automated 
system  fails,  the  automated  system  stops  working.  For  example,  if  a  small 
pressure  sensor  fails  or  the  signal  does  not  coL  through  fJom  the  LJge  to 
the  computer,  the  automatic  system  shuts  down.  It  appeirs  that  somf  ® 

semi-automatic  or  manual 

dLplay°?Fjgurr7)®**®*‘  P^®‘*'^=tlon  meter  consists  of  a  cross-point 

lanufa^L^rK  th7u  meter 

manufactured  by  IHC  Holland  uses  cobalt  60  as  the  radioactive  source 

®  velocity  shown  on  the  cross-point  display  is  from  0 

callhrfM*’*^  second.  A  series  of  problems  were  encountered  with  the 
calibration  circuits  of  the  meters.  On  the  magnetic  flow  meter,  the  liners 
have  been  replaced  once  since  the  dredge  was  built  (Figure  8).  Also  the 

replaced  once.  The  bubbler  is  maintained  at  about  45 
p  1  and  is  cleaned  remotely  once  per  year;  the  unit  was  made  by  Observator. 

The  dredge  has  an  automatic  light  mixture  overboard  system  (ALMO)  This 

inline^  r'' 

installed  The  discharge  velocity  is  controlled  by  automatic  control 
valves.  The  velocity  limits  can  be  set  and  the  system  is  working  well  A 
fully  automatic  system  is  also  available  but  has  Jever  been  SeS 

The  hopper  loading  measurements  and  automatic  draft  and  trim  controller  are 
also  made  by  Observator.  The  equipment  has  not  been  found  dependable 
because  of  the  weirs  in  the  hopper,  which  is  an  ongoing  problem  The 
problem  is  of  a  mechanical  nature  rather  than  computerf  the  computer 

hoonf^*  panels  have  been  installed  to  show  the 

hopper  overload,  the  maximum  draft  and  no  load  draft.  This  system  has 

Tin?*™  dependable  although  overheating  presents  iJL  ^roJJems 

The  alarm  panels  are  Installed  in  a  vertical  console  and  overheating 

creates  some  problems.  There  is  also  a  list  alarm.  Some  problems  Jere 
experienced  with  the  alarm  system.  prooiems  were 


^e  WEELER  has  an  automatic  dredge  pump  speed  control,  the  computer  works 

Si  ;viten;'.J  “r  P>^°ble»s  with  the  mechanicil  part  S 

bSSusid.  ‘“tomatlc  dredge  pump  speed  control  has 


^ere  is  also  a  master  dredge  computer,  which  has  only  been  used  for  about 
30  minutes  during  the  last  5  years.  It  is  considered  totally  SnecissaS 

Several  other  automatic  controls  hLe  been  ^ 
installed;  the  automatic  mode  master  panels,  automatic  suction  tube 
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lndllatcrthe*fneij  »easu”LJt”  ''0^'*^"  »ysta.  (DPIS).  which 

wall.  The  ASTC  f^:.:rc";i:"h  s.p."ftalf 

itii-rr;.ica'LTcT^-^^"airp‘ttLr::hi^f£fr 

^aTul^'I^^a'c^""""  T/L'lr  "•"’  "—“*■>»  ^ap.„.ahl.;  only  f„  . 

present  Is  overheating  In  Jhe  «Lole  ““DMra™^''  Pmblen  at 

head  and  location  of  S  lof-oM  the  depth  of  drag 

that  there  was  n^  jLSt  X”rlrtSe  “  ‘“-Tbl'lng 

on  the  drag- tender's  pfne^  n^e^LniJo^ST"""  displayed 

angles  and  flaps  there  is  a  J  u  ^  t  |‘°PP®t  1*  controlled  by 

shown  in  open  or  closed  position  and  the^ft  ®  ;*  P^Ping  system  with  valves 
various  piping  system^  dtedge  material  for  the 

IJ.%«fnlwerha"  ^  8<>»«.  The  a.lenolO 

system.  The  dredge  has  a  hoM^^rtr  “"^®®®.^^®te  is  some  debris  in  the 
also  a  stress  monitor  which  is  desieLrf"^**^^“a®  computer,  there  is 

it  has  operated  well  The  WHEELER  has  a  ®  stresses  on  the  doors  and 

hopper  that  has  never  heel  ISfd  pun-ping-out  system  from  the 
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MLMORANDUM  FOR  THE  RECORD 


SUBJECT:  Visit  to  U.S.  Army  Engineers  Dredge  McFARLAND  (trailing  suction 

hopper,  3,140  CY,  6,000  HP) 


We  visited  the  U.S.  Army  Corps  of  Engineers  Dredge  McFARLAND  on  May  18 
Captain  ^bert  took  us  around  the  dredge  and  showed  us  the  instrumentation 
installed  on  the  dredge.  The  dredge  was  built  In  1964  and  most  of  the 
instrumentation  had  been  Installed  in  later  years.  The  drag- tender 
controls  dredging  by  looking  at  the  gauge  showing  the  power  deployed  on  the 
pump.  The  automatic  control  on  the  pump  is  based  on  the  power  used  The 
pump  operates  between  100  amperes  and  2250  amperes.  For  example,  when  the 
discharge  or  the  suction  line  plugs  up,  the  amperes  go  down  which  indicates 
^  the  operator  that  the  pump  is  not  operating  at  its  desired  capacity. 

The  limits  appear  to  be  set  by  the  brake  horsepower-discharge  curve  that 
controls  the  efficiency  of  the  pump.  This  system  is  now  used  instead  of 
employing  a  vacuum  gauge,  although  the  vacuum  gauge  is  also  available  on 
the  panel  so  that  the  operator  can  look  at  it.  The  automatic  control 
system  is  also  available  for  pumping  out  dredged  material  through  a 
pipeline,  or  in  a  sidecasting  mode.  The  automatic  control  system  works 
reasonably  well.  However,  closing  of  the  valve  by  a  pneumatic  system  Is 
quite  slow  but  a  spring  allows  the  valve  to  open  faster.  Other 
instrumentation  includes  the  draft  fore  and  aft,  depth  of  the  keel  with 
respect  to  the  bottom  and  pressure  reading  on  the  swell  compensators.  The 
Hofer  v^ve  system  is  installed  on  the  dredge,  however  it  has  not  been 
used.  The  load  meter  is  shown  in  Figure  10. 


The  instrumentation  showing  the  power  input  into  the  pump  is  available  at 
the  deck  control  room.  The  water  Jets  are  in  the  hopper  and  can  be  used  to 
loosen  up  the  hard-packed  sand. 


Navigation  of  the  vessel  is  facilitated  by  a  gyro  which  provides  automatic 
direction  of  the  vessel  corrected  for  wind  speed. 


A  very  modern  radar  system  is  installed  on  deck  that  displays  the  direction 
and  speed  of  an  approaching  vessel.  A  display  is  on  the  enhanced  vision 
screen,  clearly  visible.  The  system  called  ARPA  uses  radar  and  is 
manufactured  by  RACAL  DECCA  model  2690BT  series.  In  addition  to  the 
position  of  the  vessels  on  the  display,  the  following  are  shown  on  the 


A  Mini -Ranger  is  used  for  positioning  and  is  calibrated  every  8  days  The 
Cubic  navigation  computer  made  by  Western  Data  is  checked  every  day  A 

Bausch  and  Loumb  plotter  shows  the  position  of  the  vessel. 

The  drag- tender  has  an  automatic  drag  location  display;  the  alarm  light 
goes  on  if  the  drag  head  is  over  a  pipeline  or  under  the  bow  of  the  dredge. 

Bow  thrusters  are  also  available  for  maneuvering  the  vessel  and  for  making 
sharp  turns.  ® 


There  are  two  locations  for  operating  drag  arms,  one  on  the  starboard  and 
one  on  the  port -side  of  the  vessel.  Displays  are  at  both  locations, 
showing  direction,  course  bearing,  and  deviation  from  the  course 
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There  are  plans  to  install  one  set  of  controls  In  the  middle  of  the 
captain  s  deck  for  both  drag  arms.  There  are  also  plans  to  put  additional 
computers  on  the  dredge.  It  is  planned  to  change  the  job  descrlptio“for 
one  of  the  electricians  to  an  electronic  technician.  ^ 
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MEMORANDUM  FOR  THE  RECORD 


SUBJECT:  Visit  to  Dredge  ALASKA  (cutter  suction.  30-lnch  discharge  pip- 

9,700  HP)  b  y  y  . 

Ue  visited  the  Cutterhead  Dredge  A1j\SKA  on  May  18,  1989,  operatir?  .n  the 
Southwest  Pass  of  the  Mississippi  Delta.  The  instrumentation  *  •<  ated  to 
production  includes  a  doppler  velocity  meter  and  a  nuclear  density  meter. 
The  doppler  meter  is  installed  in  a  discharge  line  with  two  probes  at  an 
angle  of  about  40  degrees.  The  nuclear  density  meter  was  installed  in  a 
30-inch  pipe  about  5  years  ago  (Figure  13).  It  was  manufactured  by  Texas 
Nuclear,  Inc,  The  velocity  meter  is  also  installed  in  a  30-lnch  pipe 
(Figure  14).  It  is  model  9700D  system  transducer;  aiid  there  is  no  easy  way 
to  calibrate  the  meter  against  other  measurements.  The  meter  was 
calibrated  by  Texas  Nuclear;  its  accuracy  and  actual  field  use  is  not 
known.  The  nuclear  density  meter  is  Installed  in  a  horizontal  line  on  the 
discharge  side  of  the  pump.  It  is  calibrated  electronically  and  its 
calibration  is  checked  occasionally.  The  density  meter  is  Installed  in  a 
horizontal  line  which,  to  our  knowledge,  is  the  only  such  installation  in 
this  position  on  any  dredge. 


The  dredge  had  a  cross  point  display  installed  at  one  time;  however,  it  did 
not  work  properly  and  it  was  removed.  A  new  density  meter  was  delivered 
to  the  dredge,  but  not  Installed  as  it  was  transferred  to  another  dredge. 

As  far  the  reliability  of  the  meters,  no  problems  were  encountered  with  the 
density  meter  which  was  installed  about  5  years  ago.  There  are  problems 

doppler  meter.  The  density  meter  at  the  leverman's  panel  (Figure 
12)  indicates  specific  gravity  of  about  1.2  to  1.3  for  dredging  silt  and  up 
to  1.4  for  dredging  sand.  Pressure  gauges  show  pressure  at  the  ladder  pump 
and  at  the  main  pump  in  psi.  The  underwater  pump  is  powered  by  a  1200  hp 
motor  and  the  main  pump  is  powered  by  a  7200  hp  motor.  Different  diameter 
impellers  can  be  installed  in  the  main  pump  from  81 -inch  to  106 -inch 
diameter,  depending  on  the  length  of  the  discharge  line.  Since  the  dredge 
was  working  on  short  lines  during  our  visit,  there  was  an  81.inch  impeller 
pump.  The  RPM  on  the  main  pump  can  be  varied  from  260  to 
300  rpm.  The  cutter  speed  is  about  21  rpm.  The  ladder  pump  contains  a  68- 
inch  diameter  impeller  with  three  vanes. 

To  obtain  the  best  efficiency,  the  leverman  basically  watches  the  power 
input  in  kilowatts,  the  vacuum  gauge  and  the  density  gauge. 

The  positioning  system  is  made  by  Del  Norte;  it  shows  the  range  direction 
in  degrees  and  feet  sailed  since  the  last  setting. 


klwrandum  for  the  record 


SUBJECT: 

CY) 


Visit  to  Drsdg.  SUGAR  ISUHD  (tt.lllng  suction  hopper,  3,600 


Channel  off  the  Virginia  Coa<;t  The  Hreri  perating  in  Cape  Henry  Ship 
Trailing  Company  (NA'^CO)  Cante'ln  t  b  ^j*u**^*  o'^ed  by  North  American 

isiAm,  padre  isurd  T' 

pumpout  capability  and  were  employed  In  the  Cen.  u  <>«<»£*’  have  a 

of  the  dredged  material  was  used  k  w  ^  ?  r  operation  since  some 
•nd  requited  .  punpout  c^IblUtv  «Pl*"i;tu.ent  .t  Vlrslnl.  >..ch 

suitehle  send  u 

dredge  sails  to  a  single-Dolnt  h,inv  it*  hoppers,  the 

on  a  buoy  and  pumps  out  the  d^edsr^aJIrlS®^  discharge  line  to  a  pipe 
beach.  The  pumpout  is  facilitated  hv  «  through  a  submerged  line  to  the 
hoppers.  The  uEsuLaJle  mLe^at  fo^  ^el^h  installed  in  the 

fro.  the  hopper,  et .  d..i“:nromho::ii"si:r‘:s:'''  *• 


Zgpdvttipn- related  lnstrumentar<Pi|^ 


pSrii[i;r::d'SAjJip^r.5srir;S"i“f^«r'  r“ 

oJ'rSe’dS  :^d:r^:^;r.i^‘r"^‘ 

from  that  dredge  and  used  to  reolace  a*f  temporarily  removed 

dredge.  replace  a  faulty  instrument  on  a  working 

Texas  NucUar^Co^)"  magnetic  flow'^m^t**^  density  meters  (manufactured  by 

^ulpjent^lmai^fa^irld 

“nn“ic'n:i'L":n^d"h.  's:  5"”r" 

stored  on  the  dredge.  y  P  d.  Parts  for  the  density  meters  are 


InsOAlUd  in  .j66'.“d"„otMnT^«  h"”  Srigs'd*"  *“ 

•urusp.  ih.  drsg  t.nd.Tc‘:s 

(from  the  magnetic  flow  meterl  th»  ^  *"*  discharge  pipe 

dredged  (frof  the  nucirarde'sitfL^erf  ind'^r?"^  f  the  -aterlal  bJlng 
the  sensors  in  the  vessel)  (Figure  151  ^’rhr^  i”  hopper  (from 

system  is  probably  sufficlenrS  obtfi;  «?!  operators  feel  that  this 
originally  cross-point  displays  installed  °  estimates.  There  were 

subsequently  removed.  The  oJerat^L  d  S  no?  I 

Echo-sounding  records  are  oerforned  d«4i  removed. 

pr.su.sh3p  cf  i.ppov.  z 
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On  cutterhead  dredges  the  magnetic  flow  meter  Is  installed  between  the 
ladder  pump  and  the  nuclear  density  meter.  The  nuclear  density  meter  is  in 
etween  the  magnetic  flow  meter  and  the  main  pump.  Both  the  flow  meter  and 
for  meter  are  Installed  in  the  horizontal  line.  The  main  reason 

for  the  installation  of  the  magnetic  flow  meter  in  the  suction  line  is  the 
low  pressure. 

includes  a  hopper  load  indicator  (made  by  Observator 
indicator.  There  are  three  pneumatic  sensors  on  the  drag 
a^L  repairs.  The  sensors  were  Inspected 

illtl  «n  involving  dredging  of  hard-packed  material. 

Teeth  on  drag  heads  and  water  Jets  had  to  be  used  on  this  project. 

The  displays  In  front  of  the  drag  tender  Include  swell  compensator  • 

pressure,  dredge  pump  RPM,  dredge  pump  SHP.  pump  suction 
IJrr  *K  P'”P  pressure.  Other  displays  show  the  velocity  in 

the  discharge  line  and  specific  gravity  of  the  material  being  pumped^ 


MEMORANDUM  FOR  THE  RECORD 


SUBJECT: 


Visit  to  Dredge  STIA-VESANT  (trailing  suction  hopper.  9.180  Ci') 

A  visit  was  Bade  to  the  M/V  STm-VESANT  operating  in  the  Newark  area 
na\igation  channels  on  November  13.  1989  The  vessel  Is  onera^£.H  k 

company  Is  3525  N.  c.psavay  Blvd..  Spit.  612,  H.t.lri" 

The  dredge  was  designed  by  Bos  Kalis  Company,  the  Netherlands-  most  of  eh» 
equipment  and  instrumentation  is  of  Dutch  origin. 

Zioduct;  lop -related  In«ftrumentatf.^n 

in"r.Tro5“urr:»“ls;f.r?n“:.'Jn  T'"' 

magnetic  coils.  *  speculated  that  there  was  something  wrong  with  the 

cobalt  60  nuclear  soi.r,-»«.  -w  aegrees.  Density  gauges  have 

the  same  strength  of  981  m  Srir^rc'b'tteJ^ln'iJJil'jgJo®' 

*'  h'"*'  "  ti.”  S.3 “Lut  w'sH  "halt 

lilt  ^hrcobllJ^r^"*  ability  to  penetrate  through 

January  l/  1987  Thi^un?t«  1-0  “  Curie  were  installed  on 

is  perform;d  every  6  montis  “The^iHiraiLrirtr""*/"?-  ^ 

a  procedure  prescribed  bv  IHC  Holland  with  sea  water  following 

section  of  dischar«  oloe  f^ni^  .  calibration  the 
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APPENDIX  0:  HEMORANDA  OF  VISITS  TO  MANUFACTURERS 
MEMORANDUM  FOR  THE  RECORD 

SUBJECT:  Visit  to  Texas  Nuclear,  Baker  Hughes  Company 

Nuclear  Company  In  Austin.  Texas  was  made  on  March  28 
1989  Meetings  were  held  with  Tom  Erb.  who  is  In  the  Research  and 
Development  Division.  Mr.  Charles  Jackson.  Regional  Sales  Manager  and  Mr 

Regional  Sales  Manager  and  Mr.  Ben  Mathes 

^’5  “2/836.4377).  M-.  I,.  Erb  (t.l.pbon. 

^  *  around  the  production  facilities  and 
c^ll  ^  personnel  In  the  sales  division.  Texas  Nuclear 

Company,  which  Is  now  part  of  Baker  Hughes  Company,  la  a  very  diversified 
company  which  recently  acquired  Manning  CompanJ.  ^ihe  company  «ak« 
~.surl..g  product,  tor  th.  .lolpg  .„d  oil  iSduttry  .pd  Sno^  tJ’ 

dotoftof  ■•tiut.ctur.d  includ.  .n  .Hoy 

2!ch  l?  ?  ‘“‘'“‘O"  •8>‘lp™nt.  .lUcon  det.ctlon  .,ulp.,ut.  oL. 

Jhl^rt  1.  very  .ophl.tlct.d  .pd  represept,  the  .tot.-of- 

.  X*  ’  ®<iuipaert  for  oil  field  work  is  extrenely  rueeed  Eaulrl^^pn^ 

Mde  for  the  dMd^l"^  Industry  is  less  rugged.  As  for  production  equipment 
The  Texfl«  ij  f  industry,  their  main  competitor  Is  K-Ray  Company^ 

^e  Texas  Nuclear  Company  Is  of  the  opinion  that  they  routinely  provide 

?L”ane"^  companies  afLr  the  u^tl  lTe 

Doppler  meters  .  Doppler  meters  are  Installed  either  on  the  aide  of  tie 
VrllZcy  frequency  :noi 

transported.  The  lower  frequency  provide  less 
u.  and  is  generally  used  for  the  measurement  of  velocities  in  dredges. 

involved  with  the  sale  of  equipment  to 
nii  Corporation.  Initially  the  nuclear  density  mefrs  were 

not  attached  properly  to  the  pipe;  however.  In  more  recent  years 'the 
a  tachment  Is  better  and  the  components  are  glued  to  the  pipe  Once  this 

de^sltv'*»’’i^*^*‘*’n^^!’^*  improvement  In  the  reliability  of  the 

Ity  meters.  During  the  last  15  years  they  sold  between  40  to  50 

nuclear  density  gauges.  On  the  large  discharge  pipes  cobalt  or  cesium  Is 

Si  e1 

background  In  electronics.  They  now  have  a  much  almplerwi^l  Ihlch 
•llw.  troubleshooting  by  the  person  using  the  met.?.  Thl  «tef 
calibrated  with  water  having  a  specific  gravity  ?f  1  6. 

Cross-point  display  1.  calibrated  In  th.  plant  for 
the  given  size  of  the  pipe  prior  to  shipment.  The  calibration  ranee  la 
usually  between  the  specific  gravities  of  1  0  and  2  0  Tr  4 

P  ularly  salt  water.  The  transducers  must  be  sealed  very  carefully  so 


th.'.r  tho  water  does  not  prevent  them  from  workine  prooerlv  k 

been  no  probleas  due  to  ^  properly.  There  have 

have  been  becIuL  of  unrrl^  ^  ^P^i'^R'^o^nted.  The  problerr. 

=ounti,T  Fore™ir  r  them  .nd  .Iso  Improper 

they  ceased  oaking  then  If  a  customer  wish  ^  industry.  In  fact, 

Li:.” 

overall’^^eliability^of  the^m«eK°h^^\*^***^i  the 

major  problem  with  the  nuclear  density  meteJrirthe^"l ^ 
mixture;  the  density  meter  eannnr  k=„^i  content  In  the 

total  mixture  of  air  plus  solids  in  water*  Mlth***^**  *"<**  density  of  the 

of  the  problems  are  solved  by  phone.  estimates  that  952 

5X's'-nr:i:" 

changing  the  source  n  ki  operation  for  about  5  years  without 

Company  in  California  that  lost  included  Manson  Construction 

cases,  punching  wrong  ^u^berror  r>5avln  °"k* 

pr»bi.„., .  444:'.'z:44“>’ 

'*»>'  •>»''«  ■>«  probi,..,  . 

of  th.  u.s.  4::: ctoii„.  Bistjct 
erroneously  specified  Other  Drobr  range  of  densities  was 

inexperlen^d  personnel  Till  IIHT  «««  due  to 

the  computer.  The  company  now  reauirel**^^^  entering  wrong  information  Into 
personnel  can  have  acc^rtHhe  como^Lr  "‘’v*"  ***  -uthorired 

wear.  Pipe  wear  correctioi:  :"t\T:ne%hret- 

s:  o::?«f“:.":u*r.:"  ::  .“t4' 

purchased  doppler  meters  .for  lafger  sirroio!!  l^l  contractors  have 
costs  are  quite  high.  The  dopplfr  meters^^.re  noJ  “sgnetlc  meter 

3::::  s::.":::"-  “.'.“oru^o'ursir 

doppler  meters  and  a  l«*^dependron*the**i^*?^n^"f  accuracy  of  the 
the  single  meter,  on  one  side  of  the  they  use 

improvements  being  made  in  doppler  meters  aL^t 

accuracy  of  the  meters  in  the^future.  ^  ^  *’°^*‘*  improve  the 
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MEMORANDUM  FOR  THE  RECORD 


SUBJECT; 


Project  6211 


Visit  to  Polysonics  (R)  at  3221  Marquart,  Houston,  Texas  77027  A  me  rino 
was  held  with  Mr.  Don  Rodriguez  whose  phone  nuaber  is  (713)  623-2134.*^  ® 

The  company  specializes  in  non-contact  ultrasonic  flowmeters  including: 

a)  POLYSONICS  -  Doppler 

b)  TYME-FLYTE  -  Transit-time,  and 

c)  POLY-LEVEL  -  open  channel. 

The  company  has  been  selling  Doppler- type  meters  since  1976. 

supplied  to  automating  and  processing  industries 
pulp  and  paper  industry,  municipalities  to  meLure  raw  sewaee  flZ 

processing,  steel  Industry, ^coo ling  water 
measurement,  dredging  contractors,  etc.  Meters  are  also  Lid  to  the  U  S 

small  portion  of  the  company's  business.  ^ 

Meters  have  been  supplied  to  the  following  companies: 

Kenner  Marine,  Laplace,  LA 

T.L.  James  Co,,  Kenner,  LA 

Bean  Dredging  Co.,  New  Orleans,  LA 

Mud  Cat  Corp.,  St.  Louis  Park.  MN 

S  and  S  Aggregates,  Zanesville.  OH 

Pioneer  Concrete  of  Texas,  Conroe,  TX 

North  Slope,  Barrow,  AL 

National  Dredging  and  Pump,  Folcroft  PA 

Dakota  Pump  Inc.,  Mitchell,  SD 

Choo  Choo  City  Dredging,  Chattanooga,  TN 

Miles  Sand  Ind. ,  Wichita,  KS 

Christofolou,  Glendive,  MT 

Eureka  Sand  and  Gravel,  Eureka,  MA 

Gravel  Equipment  and  Supply,  Amory,  MS 

Hubscher  &  Sons,  Mt.  Pleasant.  Ml 

Van  Dusselldorp  Sand  &  Gravel,  Colfax,  lA 

Assemblers,  Inc.,  Davenport,  lA 

v.locIty“r;.  tL°ou'Iw.“ 

rap°«d*rt  f’f*  ‘“'“‘‘f"*  '•••nc-llned,  ductll.,  Iron,  carbon.  otMl"  FVC 
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to  measure  liquids  containing  entrained  solids  or  air  bubbles  Th* 

«  .r,  option  tvo  tro„sdoc“s  o^  «„rsldo  'rSfpIpi 

the  UFM8A  unit  is  about  S3  40f)  tk.,  ^  is  §1.950  and  the  cost  of 

on  olocttonic  p„tfs 

Accuracy 

a^^d  ^e^^^^LJutTwithinTr^ercInt^'J 

to  some  extent^  thltVsl/T  °5  -curacy  depends 

customer  should  Lectf^^Je  tvJe^/M  *  prospective 

5  percent  of  full  scale  Units  ea  K  Linearity  Is  claimed  to  be 

electronic  calibration  check  on  a  given^reque^cy/" 

Ser\^ice 

SL“"iS'r?C"”"n‘fro."r'^  *'  offlco  In  Hooston. 

CnornUy,  „ott  of  rto  f «  hours  per  day. 

spar,  parts  ,s  pad.  r:  rh"““  o^  "  ‘"r"  n^Ll^f’Jnprnld'’"''' 

'Lp:r:“^r[*  z.:T‘i.r 

$500  per  day  plurtravel  ^ 

maintenance' every  year.  recommended  every  two  years  and 


Eeljability  of  the  Tnstrumenrc 

pe  company  claims  that  the  instruments  are  verv  raHaKia.  a 
rnstrunents  have  been  In  operation  for  a  perlo7of  U 

^Lureients'’irUq^ids-^aru”l'L'’*Jh'  guidebook  for  Popplar  FIou 

the  following  papers:  ^  Company  brochures  and  reprints  of 

Efficiency. 

OredgInrand  LrlnrcLSJctIon!°Ly"'"^  Published  in  World 
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APPENDIX  E.  SELECTED  ABSTRACTS 

Dredge  Data  Logging  System 

by  R.  Anderson  and  L.  Burk 
Proceedings ,  WODCOS  XII  Conference ,  Orlando,  FL,  May  1989,  pp.  651-659. 

The  dredge  data  logging  system  (DDLS)  Is  developed  for  the  U.S.  Army  Corps 
of  Engineers  as  a  quality  assurance  tool  to  administer  contract  dredging. 

The  system  Is  designed  to  operate  unattended  monitoring  all  analog  or 
digital  sensors  and  computes  the  vessels  positions  to  provide  a  complete 
record  of  activity,  which  Is  analyzed  at  a  later  stage  to  make  predictions 
and  improvements  In  the  dredging  system. 

The  DDLS  consists  of  four  separate  units: 
fl.  A.C.  power  Conditioner  (ACPC). 
fe.  Signal  processing  unit  (SPU). 

£.  Dredge  data  logging  unit  (DDLU) . 
d.  Portable  control  unit  (PCU). 

ACPC  and  SPU  are  permanently  installed  on  the  dredge.  ACPC  provides  stable 
power  to  all  units  of  the  system.  SPU  acts  as  a  secured  Junction  box  where 
the  parameters  of  each  sensor  are  recorded  on  a  floppy  disk  which  is 
available  for  review  on  future  contracts  of  that  vessel.  It  also  converts 
data  formats  into  a  useable  serial  string. 

The  DDLU  is  Installed  on  a  contracted  dredge.  It  processes  and  logs  the 
data  received  from  the  SPU  according  to  preset  parameters  input  by  the 
quality  assurance  Inspector  via  PCU.  The  main  purpose  of  this  unit  is  to 
provide  a  reliable  monitor  aboard  each  vessel  with  enough  storage  capacity 
of  at  least  30  days  to  reduce  the  number  of  visits  to  collect  data  from  the 
dredge.  The  unit  weighs  less  than  70  lbs,  enabling  easy  transport. 

The  PCU  is  used  in  conjunction  '  ith  DDLU  to  control  and  monitor  the  set-up 
procedures.  The  unit  consists  of  a  video  monitor,  keyboard,  and  a  printer 
packed  in  a  carrying  case.  It  also  has  a  cable  storage,  a  bi-fold  paper 
container  for  printer  a.J  a  flat  screen  monitor  with  a  small  foot-print 
installed  in  the  upp'  ;  portion  of  the  carrying  case. 

fystem  usjs  Microsoft  Quick  Basic  4.0  system  and  integrated  assembly 
language  due  to  its  powerful  features.  It  is  fast  to  code  and  execute; 
linkable  to  any  Microsoft  language  and  graphics  are  versatile. 

For  geodetic  positioning  the  system  uses  Lambert  Conformal  and  Universal 
transverse  Mercator  projections;  for  offshore  positioning  it  uses  rapid 
least  squares  algorithm. 

The  function  "auto  scroll"  automatically  recenters  the  ship  in  a  new  grid 
each  time  its  position  reaches  90  percent  of  screens  edge;  the  display  grid 
can  be  viewed  with  the  "zoom"  function.  Also,  the  "auto-start"  feature 
brings  the  system  back  on  line  after  a  power  failure  or  a  system  shut-down. 

Software  provides  histograms  or  graphs  for  each  selected  sensor. 
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The  advantages  of  the  DDLU  are  listed  below: 

overhead  by  reducing  the  time  and 
eiiort  required  for  inspection. 

^  efficiency  and  reduces  cost  for  the  total  dredeinc 

base!  ^  both  real  and  post-time  analysis  of  DDLS  data 

government  in  enabling  proper 

use  of  dredging  methods  based  on  DDLS  data  analysis.  ®  ^ 

d.  Reduces  litigation  and  court  fees  to  both  government  and 
contractor  regarding  performance  as  DDLS  data  provides  a 
complete  record  of  dredge  activities.  a 

'■  p“  of  Oh. 

S“£5HEH;£™^^ 


Systems  for  Measuring  and  Controlling  Dredging  Processes 


Anonymous 

Ports  and  Dredging.  No.  132,  1989,  pp.  8-11. 

Information  concerning  the  solids  concentration  and  the  velocity  of  dredged 
siillrfr*  crucial  for  dredging  efficiency.  For  optimum  results,  the 
lids  concentration  of  the  mixture  must  be  as  high  as  possible  The  most 
widely  used  method  for  measuring  the  solids  content  of  dredged  mixtures 
Involves  the  use  of  radioactivity.  A  velocity  indicator  must  be  capable  of 
measuring  the  velocity  at  various  points  through  the  diameter  of  the  pipe 
Measurement  at  a  single  point  cannot  be  employed  with  dredged  mixtures  ^as 
is  the  case  with  the  ultrasonic  method.  The  electromagnetic  indicator’ 
gives  a  correct  mean  value  of  the  velocity  of  a  dredged  mixture. 

f®’'  installing  the  sensors  is  limited,  it  is  advantageous  to 
employ  an  Integrated  concentration  and  velocity  indicator.  Particularly 
where  a  vessel  is  operating  at  various  locations,  the  integrated  Indicator 
provides  an  uninterrupted  flow  of  reliable  data. 

velocity  indicator  and  also  a  microprocessor  which  computes  the  production 
in  tons  and  cubic  meters  and  adds  up  the  values.  proauction 


Measuring  the  Contents  of  a  Hopper  Dredger:  A  Dream  or  a  Feasibility 

Proceedings,  UODCON  XlT.  OrlaSdo^^FLt^Kay‘^1989 ^pp'^^919' We" 

»lL;o«e1\rh'oj;er'°dr'eyrs'°" 

A  n^ber  of  systems  are  in  use  to  determine  the  load  of  a  hoooer-  th^s. 

associated,  calculated  displacement  of  water.  The  difference 
between  a  full  and  an  empty  ship  provides  the  total  load. 

b.  ^e  hopper  sampling  method  -  One  or  more  samples  are  taken  in 
the  hopper  which  are  then  analyzed.  There  is  a  gJe^t  varLjjon 
in  sampling  techniques  as  well  as  in  the  analyses,  with  the 
associated  determination  of  the  load. 

£.  The  sounding  method  -  This  is  used  for  combined  loads,  in  which 

distinguished  from  a  fluid 

virtual  cr=sni.ctL°::"'‘"*  “  ‘ 

Sle  carrying  fluid  loads,  the  density  of 

hnnnir?  ^^/a^'crmined  by  measuring  the  pressure  in  the^ 
relation  to  the  height  to  which  the  hopper  is  filled 
(or  the  pressure  difference  along  a  calibrated  height). 

£.  ^e  hopper  level  method  -  During  the  last  decade,  measuring  of 

S^dJ^r^Tiria  “  gradually  introduced  lA  a  number^of 

mirwf'  3J  “cfsurement  is  supplementary  to  the  proceeding 
hods.  The  main  methods  in  use  are  acoustic.  The  acoustic 
sensors  are  very  easy  to  obtain  and  relatively  cheap 
measurements  can  be  made  without  much  maintenLce. 

b.  ..i.  by 

fxwct.'S‘thirfu«L'r- 

lead  to  developments  and  practical  discussions  will 

A.  New  methods  to  replace  existing  basic  measurements. 

^  measurements  for  which  no  operable 

relilbU*  ^  **  practice  that  are 


A  New  Nuclear  Density  Gauge  to  Measure  Directly  High  Turbidities  In  Muddy 

Areas 

_  ^  by  A.  Caillot,  G.  Meyer,  D.  Chambellan,  J.C.  Tanguy 

Proceedings  of  the  Nineteenth  Coastal  Engineering  Conference,  Vol.  3,  ASCE, 

1984,  pp.  3172-3179! 


A  better  Imowledge  of  the  characteristics  of  muddy  areas  in  access  fairways 
and  port  basins,  and  of  the  behavior  of  ships  during  their  crossing, 
presents  the  double  interest  of  enhancing  the  navigation  possibilities  A 
more  precise  adjustment  of  the  underkeel  clearance  will  permit  a  more 
rational  planning  maintenance  dredging.  Considerable  savings  will  be 
obtained  through  the  development  of  such  Information  for  harbor  management. 

peso  improvements  Imply  the  use  of  measuring  equipment  which  must  be 
handy,  sturdy,  reliable  and  which  gives  accurate  measurements. 

^e  JTD3  gauge  presented  by  the  Radioisotopes  Applications  Service  of  the 
French  Atomic  Energy  Commission  is  an  important  step  in  the  development  of 
such  measuring  equipment.  It  is  now  in  running  order,  and  commercially 
available,  after  thorough  testing  undertaken  during  many  months  in 
different  French  harbors. 

New  developments  are  already  in  practice  as  turbidity  gauges  can  make 
dynamic  measurements. 


w  5®^  sailing,  including  the  free  space  between  the  keel 

the  bed  of  the  channel,  is  called  the  underkeel  clearance.  However,  in 
mudcy  areas,  it  is  quite  possible  for  ships  to  sail  through  non- 
consolidated  silt  without  reducing  safety. 

The  usual  method  to  determine  the  water  depth  is  based  on  the  traditional 

recorded  by  an  echosounder  appears  as 
the  bottom  of  the  channel.  In  these  circumstances,  it  is  very  difficult  to 

two  «pecJ^  maintenance  dredging  take^ 

-  when,  where  to  dredge  and  to  which  depth? 

-  how  to  control  dredging  costs? 

In  assessing  the  nautical  as  well  as  the  dredging  aspects,  an  important 
factor  is  density  of  the  silt/water  mixture.  For  this  purpose,  a  nuclear 
scattering  gauge,  called  SAPRA  JTD3,  has  been  developed  to  measure  the 
vertical  density  (or  concentration)  profiles  as  a  function  of  depth. 

Principle 

Gamma  rays  emitted  in  all  directions  by  a  very  small  cesium  137 
sealed  source  are  scattered  through  the  sediment. 

The  detector  is  shielded  from  direct  gamma  rays  emitted  by  the 
source  by  the  means  of  a  conically  shaped  tungsten  plug  set 
between  the  detector  and  the  source  housing. 


Mass  Flow  Measurement  and  Control  in  Mining  and  Mineral  Processing 


Bulietin,  Fischer  and  Porter  Company,  Pub. No.  16361,  August  1964 


This  paper  discusses  mass  flow  measurement  techniques  for  liquids  and 
solids  slurries.  The  primary  measuring  devices,  the  magnetic  flowmeter  and 
the  gamma  gage  are  obstructionless  on-line  devices  which  cause  no 
restriction  to  flow.  Not  only  can  the  weight  of  the  slurry  itself  be 
determined,  but  if  the  density  of  dry  solids  flowing  in  the  pipeline  is 
known  and  is  constant,  then  the  mass  flow  system  can  produce  data  which 
represents  the  weight  of  dry  solids  flowing  in  the  pipe. 


A  mass  flow  loop  is  an  extension  of  standard  process  instrumentation  which 
permits  readout  in  mass  units.  Functions  of  the  mass  flow  loop  are: 

A.  Measurement  of  fluid  velocity. 

fe.  Measurement  of  fluid  density. 

Multiplication  of  these  factors. 


Mass  flow  can  then  be  recorded  in  any  desired  units  of  measurement. 

Slurry  velocity  is  normally  measured  with  an  electromagnetic  flow  meter 
Two  methods  exist  for  measurement  of  density  of  the  slurry  flowing  in  the 
pipeline;  a  nuclear  radiation  gage  or  the  use  of  one  or  more  differential 
pressure  transmitters.  Hydraulic  mining  (or  dredging)  involves  the 
movement  of  mineral  bearing  rock  (or  slurry)  from  the  site  to  a  processing 
plant  (or  disposal  site)  by  pipeline.  As  more  material  is  transported 
hydraulically  in  pipelines,  mass  flow  measurement  and  control  become 
necessary.  The  density  of  the  slurry  is  controlled  by  the  operator  who 
manually  adjusts  slurry  flowrate  in  order  to  control  percent  solids  in  the 
pipe.  Mass  flowrate  could  be  computed  by  the  solid-state  electronic  mass- 
flow  computer  and  totalized  on  a  solid-state  electronic  totalizer  so  that 
total  tons  per  shift  and  total  tons  per  month  of  material  are  available  for 
management  s  review. 
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First  Experlnental  Results  on  «  Magnetoelectric  Flowmeter 

Journal  of  Physics  £■  and  D.J.  Pittman 

rnysxcs  £.  Scicu.ifxc  Inscrunents.  Vol.  20,  No.  8  January  1987. 

pp.  1041.1045.’ 

c«„  b.  su».arlz.“.s  loiloS'  that  v„. 

*■  f”'  ”*1'  ■“«  »«  »uch  that  aood 

g  efficiency  Is  obtained  against  both  displacement  jinH 
conduction-current  magnetic  fields.  Shielding  against  these 

terial  or  on  a  low-reluctance  shunt  path.  An  important 

sTililVl  is  the  smLl  thicJnesro^^he 

shield  material  along  the  flow  channel,  i.e.  where  the  flow 

tUt^  th  “a’""'’''’  '“‘1'-  *1  Ihls 

place,  the  quadrature  displacement  magnetic  field  is  ^ 

perpendicular  to  the  flow  magnetic  field  and  the  shield’s  thin 

ore:::^  "  ^  low.reluctance  shunt  paS  lence 

preventing  these  unwanted  fields  from  threading  the  coils. 

polarizing  circuit  is  enhanced  by  the 
split-electrodes  technique  and  double  connection.  FiL  tunine 
of  the  system  balance  is  performed  on  the  low-voltage  side  of* 
the  step-up  transformers.  Significant  background  signal 
reduction  can  thus  be  obtained.  signal 

The  performance  of  the  magnetic  field  detAr^^rtn  i  -i 

enhanced  by  careful  pick-up  coil  design.  system  is  also 

£.  A  natural  tendency  would  be  to  use  detection  coils  with  a  'arco 

ferrite  cores  is  more  satisfactory  The 
operating  frequency  (10  kHz)  is  also  Important. 

Common  practices  in  low-level  measurement  techniques  which  ineluria 

satisfactory  bLJun^of*the**complexitv**if*^Jh^°"*  ’ results  are  not  very 
the  low.Uv.1  .Ignzu  by 
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Ultrasonic  Flowmeter  Tests  With  Slurries 


by  J.M.  Colwell,  C.A.  Shook,  R.G.  Clllles  end  M.  Small 
Journal  of  Pipelines,  Vol.  7,  1988,  pp.  127-140. 

The  performance  of  Doppler  and  transmission  ultrasonic  flowmeters  has  been 
examined  for  a  range  of  slurry  flow  regimes  and  particle  sizes.  The 
experiments  used  three  sands  of  differing  particle  diameter  and  two  sets  of 
polystyrene  beads.  The  velocity  and  concentration  distributions  of  these 
slurries  were  known  from  extensive  previous  investigations. 

The  results  of  the  study  indicate  that  though  the  Doppler  meter 
measurements  were  fairly  close  to  the  true  velocities,  neither  type  of 
meter  is  suited  for  a  broad  range  of  slurry  flow.  Systematic  deviations 
were  found  to  be  related  to  the  concentration  and  velocity  distributions 
and  to  the  effect  of  particle  diameter  on  the  penetrating  power  of  the 
beam.  The  transmission  flowmeter  was  unsuitable  in  coarse  slurries  or  at 
high  concentrations  of  fine  particles. 

However,  the  results  were  within  the  normal  laboratory  standards  of 
accuracy.  For  practical  applications,  where  a  greater  uncertainty  is 
acceptable,  these  devices  are  undoubtedly  useful. 
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Dredging  Flowneterlng  Techniques 


Proceedings  of  the  World  Dredging  Conference,  197^! 

£vjsSir£L-”£5l?‘~^^^ 
££:HS'T£— " 

•nd  hds  .  LcS  lo!er  'H'  “  obstruetionUss 

d.ch  in  .  .a™.r  such  ss  to  .void  conLsLrb.t"^. 


Experience  With  Tltresonlc  Flovmetere 


by  E.  A.  DeVries 

Hydrocarbon  Processing,  Vol.  65,  No.  6,  June  1986.  pp.  65-66. 

The  purpose  of  this  article  Is  to  review  experiences,  both  good  and  bad. 
with  both  Doppler  and  transit  tine  ultrasonic  flowneters. 

The  Doppler  meter  signal  Is  reflected  by  particles,  bubbles,  or  other 
discontinuities  in  the  liquid,  and  the  frequency  is  shifted  by  veloc.ity  of 
these  discontinuities.  Some,  limitations  of  the  Doppler  meters  are  that: 

g.  There  must  be  particles  entrained  in  the  fluid. 

b.  A  good  flow  profile  is  needed. 

£.  Doppler  meter  signals  do  not  penetrate  air,  i.e.,  porous  pipe 
materials  such  as  concrete,  concrete- lined,  or  many  types  of 
Fiberglas  cannot  be  used. 

d-  They  are  affected  by  pipe  temperature,  pipe  thickness  and 
ambient  extremes. 

The  principle  strengths  of  Doppler  flowmeters  are  the  non- intrusive  sensors 
and  the  relatively  low  price. 

Another  common  type  of  ultrasonic  flowmeter  is  the  •time-of-fllght"  or 
transit-time  meter.  This  meter  uses  two  sensors  that  are  lined  up  at  an 
angle  to  the  direction  of  flow,  and  that  pulse  alternatively.  A  time- 
differential  relationship  proportional  to  the  flow  is  calculated.  These 
meters  are  superior  to  the  Doppler  meters  in  terms  of  accuracy  and 
repeatability,  but  they  are  more  expensive,  and  made  for  cleaner 
applications . 


Successful  and  unsuccessful  ultrasonic  flow  meter  installations  at  a  plant 
are  also  reviewed.  One  Doppler  meter  was  installed  on  a  polymer  slurry  in 
the  mid-1970s,  but  the  results  were  poor  because  of  lack  of  accuracy  and 
repeatability.  The  Doppler  meter  was  replaced  with  a  wedge  element  flow 
meter  which  has  worked  out  well.  Another  experience  with  the  Doppler  meter 
was  when  it  was  used  for  the  centrate  flow  velocity  out  of  a  monomer  slurry 
centrifuge.  However,  since  the  particle  size  and  density  did  vary  greatly 
the  meter  was  unable  to  get  a  repeatable  signal.  Magnetic  flow  meters  are’ 
now  employed  in  this  plant. 

Later  successful  application  with  Doppler  flowmeters  was  achieved  in  the 
area  of  wastewater,  chemical  sludge  flow,  etc.  Time-of-fllght  type 
ultrasonic  meters  are  being  used  for  molten  sulphur  service  and  have  proved 
to  be  satisfactory. 


Some  microprocessor-based  ultrasonic  meters  are  Introduced  to  overcome  the 
limitations  of  ultrasonic  flowmeters,  but  the  prices  of  these  new  types  are 
very  high.  For  tough  applications,  magnetic  flowmeters,  coriolis-type  mass 
flowmeters,  or  wedge  element  flowmeters  are  recc-nmended .  These  meters  are 
relatively  expensive,  but  confidence  in  them  is  ligh 


Flow  Measurement  Techniques  f jr  Hydraulic  Dredges 

of  Vo1%2™k" 

February  1966.  pp. 109-125. 

It  is  generally  acknowledged  that  the  modern  dredge  which  Is  «n  »v,.  » 

lt.»,  b,  opeobtob  ib.eui8.„a,  for  .orf. 

Iono3"g%;.nntf:or'’  '»•  -Obbll  kno»  th. 

A.  Revolutionr  per  minute, 
fe.  Suction  pressure  (vacuum). 

£.  Discharge  pressure, 
d*  Flow  velocity, 

A.  Flow  density. 

1  these  parameters  can  be  measured  by  well-estahl < 

!SoIr^o‘Lrir”’  ■  “‘"""'‘“I  pressure  converters  develop  the  velocity 

corresponds  to  a  rero  differential  pressure.  '  ^  ^  ^  signal 

iiivSKiS^S  E 

pipe  Puree  f  1  nw  v>at-Ae^  w  v  .»  *  tne  solids  back  Into  the  dredce 

because  it  is  desirable  to  ^  u  *  fresh  water  supply 

sea  water  causes  more  difficultiL.  ^  P«i'ging  as  the  use  of 

c.uses  chenges  in  the  developed  dlfferentUl  ptessurMM.'wrtlcJoJ, 


-  Velocity  is  measured  by  means  of  a  niapnd.rir.  ft 
Such  Deters  operate  on  th4»  asU  ^  ^  magnetic  flowmeter, 

tile  fluid  be  conductive  above  a  low  required  that 

20  micromhos  per  cm  threshold  value,  approximately 
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The  teeter  Is  not  affected  bv : 

A.  Teceperature . 
fc.  Density. 

Viscosity. 

SJ.  Pressure, 

The  accuracy  of  this  aeter  is  within  1  percent  to  2  percent  of  full  scale 

velocity  reading. 

The  electric  system  has  problems,  too.  but  they  are  less  frustrating  than 
the  line-plugging  problem  of  the  pneumatic  system.  The  electric  systems 
ere  considerably  more  costly  than  the  pneumatic  systems  and  the  electric 
circuitry  is  complex,  well  beyond  the  maintenance  capabilities  of  the 
average  dredge  personnel.  For  some  dredges  the  space  required  to 
accoTsmodate  a  magnetic  flow  aeter  also  becomes  a  problem. 

The  present  aims  are  to  continuously  improve  both  systems  to  the  point 
where  each  is  reliable  in  operation  and  can  be  maintained  without  undue 
demands  on  the  time  of  dredge  personnel,  and.  having  developed  reliable 
systems  to  ultimately  use  this  instrumental  intelligence  to  develop  semi¬ 
automatic  and  possibly  automatic  dredging  controls. 


E-13 


Report  on  Study  of  Master  Meters 


D  ..  by  Harold  D.  Clloian 

Proceedings,  M,VA  Conference.  1981,  Pt.  2.  pp.  937-942. 

Us"d‘uc"u*:'  Ol^trlbutlon  .y.f.s.  Tbos. 

fl.  Orifice  plate, 
fc.  Venturi, 

£.  Flow  tube, 
d.  Propeller. 

1.  Magnetic  flow  meter, 
i.  Ultrasonic  flowmeter. 

fivlf K^.„Flate  -  In  the  orifice  plate  meter  the  flow  Ic  j  v 

arf‘ thosrilrA  section.  The  most  conunon  orifice  plates 

are  those  with  the  hole  concentric  to  the  outside  diameter.  ^ 

or^reolaeerf^*%h’^*  •  ««sily  manufactured,  and  readily  Installed 

Some  limitations  on  the  orifice  plate  include: 

high  non- recoverable  pressure  drop, 
deterioration  of  accuracy  with  wear  and  damage 

•  pi- 


E-14 


Prcr^ I  Iff  .Nftf r  -  The  propeller  meter  operates  on  the  principle  that  water 
Impinging  on  the  propeller  blades  will  cause  a  rotational  speed 
proportional  to  flow.  Basically  a  velocity  measuring  device,  the  speed  Is 
linear  with  flow  change  over  the  operating  range.  The  gearing  and  drive 
shafts  transmit  the  rotary  motion  to  a  mechanical  counter  or  an  electrical 
pulse  generator  ^or  remote  readout.  Propeller  meters  can  provide  high 
accuracy  over  a  10  to  1  flow  range  and  good  repeatability.  Having  moving 
components,  the  meter  is  subject  to  wear.  The  fluid  must  be  relatively 
clean  and  not  of  high  viscosity. 


ri9w  ■  The  magnetic  flow  meter  Is  based  upon  the  principle 

of  electro-magnetic  induction,  designed  to  measure  the  flow  of  conductive 
liquids  In  a  pipe.  As  a  conductive  fluid  passes  through  the  metering 
section,  the  lines  of  force  from  the  magnetic  field  are  cut  producing  a  low 
level  voltage  at  the  pick-up  electrodes.  This  flow  meter  has  no  moving 
components.  There  is  a  completely  unobstructed  bore,  and  minimal  head 
loss.  They  are  highly  suitable  for  slurries.  Sizes  range  from  1  inch  to 
96  inches  diameter.  To  be  effective  the  fluid  must  be  electrically 
conductive.  The  meter  is  more  expensive  than  other  meters,  and  there  is 
the  possibility  of  electrode  fouling. 

mtrasontt  flow  •  The  transit  time  concept  of  the  ultrasonic  or 

acoustic  flow  meter  refers  to  the  time  required  to  convey  ultrasonic  pulses 
upstream  and  downstream  as  directly  related  to  the  fluid  velocity. 

Acoustic  meters  can  provide  good  long-term  stability,  are  economical  and 
accurate.  They  are  non- intrusive,  do  not  restrict  pipe  size,  and  have 
virtually  no  head  loss.  Air  bubbles  or  solids,  however,  may  disturb  the 
penetration  of  the  acoustic  pulses  across  the  full  pipe  diameter  from 
transmitter  to  receiver. 
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Selecting  *r.d  Applying  Magnetic  Flovaetering  Systems 
k'^cer/Ergineering  rnd  Hansgeaenc ,  Vol.  132,  No.  12  NoveebeJ  1985 i 

38. 

The  mapetic  flowmeter  was  developed  to  measure  the  flow  rate  of  viscous 
corrosive  and  other  dif f icult - to-handle  "conductive"  fluids. 

Understanding  the  t^es  of  flow  metering  systems  is  Important  for  selecting 
and  applying  magnetic  flowmetering  equipment.  The  two  types  discussed  aref 
£.  AC  systems, 
b.  Pulsed  DC  systems. 

Both  AC  and  DC  systems  have  good  accuracies.  Pulsed  DC  systems  are  more 

ierforrheL^'*”  velocities  and  over  a  greater  range.  PulLd  DC  systems 
perform  best  on  homogeneous,  non-pulsating  processes.  High  solid-content 

Jand^rr pulsating  flows  should  be  avoided  and  are  best 
handled  by  an  AC  systeji. 

tendency  of  the  process  to  coat  the  wall  of 
the  flow  tube.  Where  coating  is  possible. the  pulsed  DC  system  will 
generally  be  more  tolerable  and  the  least  affected. 

Energy  costs  are  another  consideration  in  selecting  AC  or  DC.  Pulsed  DC 
.yst..,  T.  ..r.  .f£lol„t  .„d  .on.™.  1.,.  pow.r,  Pov.r  co™J»Mon  “r 

f  watts,  while  with  the  AC  variety  the  range 

^arles  from  25  to  several  hundred  watts.  ^  ® 

considering  is  the  magnetic  flowmeter  Installation  The 

available  in  compact  and  light  weight  forms,  making 
Jersoi^  diameter  possible  by  one  ^ 

by  virtue  of  the  automatic-rerolng  feature 
The  AC  sv  automatically  sets  the  zero  at  no-flow  condition 

adjustment  of  zero  under  a  no  flow,  full-pipe 

«"  cbstructlonless  device  and  virtually 
bJofdH^  in  process  variables.  The  AC  systems  provide  the 

Meh  possibilities.  However,  pulsed  DC  systems  provide 

high  accuracy  wide  range  capability,  and  automatic  zeroing  for  the 
measurement,  of  homogeneous  processes.  * 
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Design  of  Eerly  Production  Metering  Needs  System  Approach 

Peter  P.  Jakubenas 

Oil  &  Cas  Journal,  Vol .  84,  No.  12,  March  24,  1986.  pp.  120.124. 

Precise  measurement  of  crude  oil  from  early  production  floating  vessels  to 
ocean-going  crude  carriers  Is  technically  and  economically  feasible  with 
properly  designed  metering  and  loading  systems.  The  crude  oil  storage  and 
transfer  vessels  are  often  termed  floating  production  storage  off-loading 
systems  (FPSO) .  The  transfer  must  usually  occur  at  rates  high  enough  to 
accomplish  the  complete  unloading  of  the  storage  vessel  Into  the  crude 
tanker  In  10  to  20  hours.  Because  of  the  problems  associated  with 
accurately  gauging  tanks  under  these  circumstances,  high  flowrate  liquid 
metering  sv'-tems  are  very  desirable.  ^ 

Measurement  of  crude  oil  by  metering  Instead  of  gauging  of  vessel  storage 
tanks  is  preferable  for  the  following  reasons:  ^ 

It  is  more  accurate  (0.25  percent  or  better). 

It  is  more  convenient  for  operation. 

Results  are  completely  auditable  and  traceable  to  standards. 

A  high  degree  of  security  and  integrity  can  be  built  into  the 
system  if  required. 

-  Readout  of  the  final  corrected  data  is  available  immediately 
upon  completion  of  loading. 

Measurement  systems  are  used  periodically  and  must  be  designed  for 
simplicity  of  operation.  The  FPSO  measurement  system  should  include  the 
following:  automated  valve  control,  sampling,  proving,  and  readout  of 
temperature,  pressure,  and  gravity. 

For  proper  measurement,  air  and/or  gas  must  be  eliminated  from  the  flow  by 
an  air  eliminator  installed  ahead  of  the  meter  runs. 

Two  types  of  meters  are  usually  used:  positive  displacement  meters  and 

comoirL^rv”'  ''ill  l^^tter  if  fluid  properties  are  not 

completely  known.  PD  meters  have  two  additional  advantages  over  turbine 

''P  1*®®  "ot  subject  to  the  unknown  effects 

and  the  swirl  of  the  approaching  fluid  stream. 

For  maximum  measurement  accuracy,  precise  temperature,  gravity,  and 
pressure  signals  must  be  sent  from  the  meters  to  the  control  room.  These 
gnals  must  be  Isolated  from  other  categories,  namely  power  and  control 
by  separate  junction  boxes  and  conduit  or  cable  systems!^ 
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A  Monitoring  System  for  a  Crabdredger 


Proceedings.  WODCON  XII  Conference.  Orlando.  FL.  May 

Ukp  T  in  the  construction  of  Important  structures 

incove^n;  orn^n^r^^  of  trenches;  the  cove^  or 

g  pipelines  or  tunnels;  and  maintenance  dredging  in  harbors. 

The  components  of  a  grabviewer  are  a  monitor,  keyboard  and  a  set  of  sensors 
Sensors  used  in  the  standard  configuration  are: 

a.  Slewing  angle  encoder. 

b.  Boom  angle  encoder. 

c.  Tilt  sensor. 

d.  Wire  length  measurement. 

botrd^fT  Of  a  powerful  16  bit  microprocessor,  video  controller 

Ho  •  ’  processor  unit,  a  terminal  strip  and  the  software  of  the  system  are 
signe  in  the  simplest  way  to  enable  easy  operation.  They  are  designed  so 
as  to  accept  any  modifications  even  at  a  later  stage.  ^ 

^e  system  has  a  small  numerical  keyboard  for  the  input  of  parameters  From 

The  position  calculation  of  the  grab  consists  of  two  parts. 

position  of  the  grab  with  respect  to  the  crane 

o  A  IS, 

calculated  using  the  boom  angle,  slewing 
angle,  tilt  angle  and  paid-out  wire  length.  For  greater  accuracy 
optional  measurements  like  roll  measurement,  hoisting  wire  angle^ ’ 

i"  geographic 

work  involves  many  activities  like  stone  dumping 
Jib!  H®’  *tc.  over  a  layer  area,  the  nature  It  fhe  work 

The  position  of  the  slewing  axis  of  the  crane  is  entered  as  follows: 
fl.  The  position  of  the  crane  axis  relative  to  the  position, 
b.  The  position  of  the  reference  point  relative  to  the  pontoon. 
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The  position  of  the  antenna  in  geographic  coordinates. 

The  bearing  of  the  pontoon. 

After  the  establishment  of  the  local  coordinate  system  the  operator  can  define 
the  depth  profiles  taken  to  the  centerline  for  the  work  to  be  executed  by 
entering  the  order  pairs  (offset,  depth). 

The  graphic  display  is  used  for  presentation  which  consists  of  a  combined  top 
and  side  view  and  some  numerical  data.  The  top  view  shows  the  grid  display 
view  port  definition,  profile  liner,  dump/dredge  marks.  The  side  view  shows 
the  gr-b  depth  relative  to  chart  datum  and  waterline. 

In  order  to  ensure  reliable  and  trouble-free  operation  of  the  system,  certain 
measures  like  adjusting  the  boom  depth  either  by  addition  or  removal  of 
extension  sections;  or  fitting  different  attachments  like  clamshells,  or 
grapples  or  hooks  on  the  hoisting  wire  are  taken. 

To  eliminate  the  exact  mechanical  alignment  of  t]  sensor,  the  system  has  to 
be  calibrated  for  wire  length  and  angle  measurements. 

Grabviewer  is  designed  with  many  possible  options  and  extensions  which 
acilitate  the  operator  to  input  the  position  of  several  special  objects  like 
landmarks  and  buoys  to  be  displaced  on  the  screen  as  symbols. 

An  important  extension  will  be  the  ability  to  receive  grid  information  and 
protiles  from  a  connected  computer  and  to  send  back  position  information 
dumpmarks,  etc.  * 
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How  to  Measure  Liquid  Flow 


p;„o7-  j  ^  George  Katzenberger  and  Robert  Baker 

Pipeline  and  Gas  Journal,  Vol .  203,  No.  5.  April  1976.  pp.  24-36. 

Liquid  flow  measurements  are  often  required  in  process  monitorine  and 
control  applications.  Many  different  sensors  such  as  the  orificf  meter 

averaging  probes,  turbine  meters,  rotameters 
magnetic  flowmeters  have  been  developed  and  are  used  most  commonly. 

considered  in  selecting  the  flow  sensors.  They  are:  to  be 


Accuracy 

£ 

b.  Repeatability 

h 

Response  speed 

i 

Readability 

£.  Capacity 

f.  Rangeability 

The  orifice  meter  is  the  most  common  liquid  flow  meter  used  in  proces-inc 

» drop  ti;r" 

^  ^  Bernoulli's  equation  where  the  flow  is  a 

or  0.00^  si7-o"n'n"f‘Sf.:n:rrLo^r:Hr:;[n:: 

There  are  many  types  of  orifices,  the  sharp-edged  orifice  is  the  most 

lluZl  tLid  i:\ll  ‘AZ'll  rX*' 

Orifice  pla_^s  are  generally  installed  between  pairs  of  flanges  for  ereatdor 

»f  '•>«  otltlco.  Bu«d  on  the 

location  of  the  pipes  there  are  different  types  of  taps  like  vena 
meLris^ioi  ’  of  the  orifice 

wi?h  sensors  consisting  of  contoured  restrictions 

nozzles  are  generally  assembled  between  flanges.  Differential  pressure 
measurement  taps  are  located  at  one-pipe  diameter  upstream  and  o^^haU 
pipe  diameter  downstream  from  the  inlet  face  of  the  nozzle  Velocitv  hearf 
probes  sense  the  difference  between  static  and  dynamic  pressure  in  the 
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flowing  stream  and  infers  the  velocity  using  Bernoulli's  equation.  The 
most  commonly  used  velocity  probe  is  the  Pitot  tube.  Velocity  head  probes 
cause  less  pressure  drops  than  orifice  due  to  obstructionless  flow, 
installation  is  easier;  cost  is  less  than  orifice.  Units  are  sensitive  to 
flow  density  and  viscosity  and  they  handle  slurries  toe. 

Turbine  meters  are  extensively  used  for  in-line  blending,  eliminating 
mixing  tanks.  Accuracy  for  such  applications  are  high.  Rangeability  of 
the  meter  is  15:1.  Units  are  insensitive  to  fluid  density  but  might  be 
affected  by  viscosity.  Turbine  meters  are  not  recommended  for  use  with 
slurries.  The  downstream  pressure  must  be  maintained  above  some  minimal 
level  to  prevent  cavitation  or  flashing. 

Variable-area  meters  or  rotometers  have  tapered  vertical  tubes  to  enable 
the  floats  to  rise  and  fall  easily  with  the  flowing  fluid.  This  device  is 
mainly  used  for  the  visual  indication  of  flow.  The  advantages  are:  a) 
rangeability  of  10:1,  b)  low  cost  in  small  sizes,  c)  good  accuracy,  and  d) 
visible  evidence  for  proper  functioning  in  glass  tube  models.  The 
disadvantages  are  its  sensitivity  to:  a)  viscosity  due  to  viscous  drag,  b) 
density  due  to  float  buoyancy,  and  c)  solid  particles  due  to  potential 
clogging.  Bypass  rotometers  are  extensively  used  as  alternatives  to 
differential  pressure  sensors  for  visual  measurement  of  flow  throueh 
orifice  plates. 


Magnetic  flowmeters  work  on  the  principle  that  the  movement  of  a  conductor 
through  a  magnetic  field  produces  a  voltage.  The  output  of  the  meter  is 
independent  of  density  and  viscosity.  However,  its  limitation  is  that  the 
meter  must  be  completely  filled  with  liquid  as  the  velocity  is  sensed  and 
interpreted  from  vclume  flow  rate.  Magnetic  flow  meters  are  capable  of 
measuring  any  fluid  whose  electric  conductivity  exceeds  0.1  ^l/cm,  thus  can 
be  used  for  measurement  of  the  flow  of  slurries.  Sludge  accumulation  on 
•^ectrodes  is  eliminated  by  pulsing  ultrasonic  energy  at  electrode  tips. 

The  magnetic  flow  meters  have  linear  output  characteristics.  The 
rangeability  is  100:1  and  can  be  expanded  to  3000:1.  There  arc 
restrictions  on  temperatures  of  the  fluid  and  they  cannot  be  used  to 
measure  the  flow  of  hydrocarbons. 


^e re  are  several  other  devices  available  for  measuring  the  liquid  flow. 
The  ultrasonic  flow  meter  does  not  require  obstructions  in  flow  line  and 
can  be  installed  over  existing  pipes,  having  particular  benefits  in  larger 
diameter  pipes  used  in  waste -treatment  applications.  Nuclear  magnetic 
resonance  meters  are  available  for  applications  where  obstructions  cannot 
be  tolerated  and  accuracy  is  critical.  Fluidic  flowmeters  are  used  for 
pulsed  output  for  totalizing  or  digital  sensing  applications. 


The  more  advanced  devices  are  highly  integrated  units  and  produce  the 
usable  outputs  directly.  However,  the  selection  of  these  devices  must  be 
made  on  the  overall  system  costs  and  performance  capabilities  rather  than 
the  specifications  of  the  sensors  alone. 
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Slurry  Flow  Measurement;  A  Case  History 

r  T-  u  „  ,  Donald  P.  Malone 

InTech,  Vol.  32,  No.  11,  November  1985,  pp.  59-62. 

siecialfitc  present  measurement  challenges  to  instrumentation 

fcullnJ  ^  f  particles  in  the  stream  tend  to  cause  erosion  and 

fouling,  but  the  fluid  is  often  highly  viscous  and  is  likely  to  exhibit 
non-Newtonian  behavior,  ^ 

This  article  deals  with  a  coal  product  H-coal.  Coal  is  slurried  with 
process -derived  liquids,  converted  to  liquid  and  gaseous  products,  and 
separated  into  refinery-like  products.  Measurement  of  the  slurry  flow  rate 
was  required  in  lines  ranging  from  0.038  m  to  0.305  m  (1.5  to  12^1n  )  in 


of  *fosive  particles  in  the  stream  and  the  need  to 
brS^ibirwere:  numbers  as  low  as  300,  the  flowmeters  found  to 

&■  Segmented  wedge, 
b.  Venturi  meters. 

£.  Quadrant-edged  orifice . 
d.  Acoustic  Doppler  flow  element. 

^mented  wejpe-head  -  Type  flow  elements  utilizing  triangular  restrictors 
in  the  pipes  have  the  following  characteristics:  restrictors 

i.  Flow  rates  were  approximately  3.5  percent  lower  than  the 

reference  values  obtained  from  measurements  at  the  pump  and  the 
slurry  preparation  drum,  i'he  differences  were  within  about  2.6 
percent  of  the  full-scale  readings. 

ii.  No  evidence  of  erosion  was  found  in  any  of  the  wedges. 

The  only  situation  where  another  head- type  meter  would  be  more  desirable  is 
where  pres.sure  recovery  is  important.  aesiraoie  is 

^ntur^  p'eter.s  -  Out  of  four  venturi  elements  installed  for  slurry  flow 
Re^oir^"  were  unacceptably  inaccurate  due  to  the  effec/of  low 

Reynolds  numbers.  Another  venturi  meter  was  used  under  severe  serviep 
conditions,  but  the  Reynolds  number  was  in  excess  of  500,000.  The  venturi 
meters  have  the  following  characteristics: 

within  10  percent  of  the  actual  flow 

j  .  After  AOOO  service  hours,  the  flow  rate  IndleatpH 

Agou?t(c  PpppUr  npw  ,  Element  -  Acoustic  Doppler  flow  element  failed  to 
op.r«.  properly  on  the  elorry  bec.vee  the  "oustU  silSr^er^  wo  ILk 
dU^ete""'  ““‘'"ddtloo  c.used  by  partitles  less  tLi.  5  .icrons  In 
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The  segmented  wedge  flowmeters  proved  to  be  the  most  effective  of  several 
primary  elements  used  to  evaluate  H-coal  slurry  flow. 


Nev  Equipment  Boosts  Sand,  Gravel  Production 


n  j  r  Marazzo 

World  Dredging  &  Marine  Construction,  May  1976.  pp.  18-20. 

Today's  plant  operators,  dredping  equip, nent  designers  and  manufacturers  are 
performing  research  aimed  tovards  technical  advancements  such  as  dredge - 
feed  monitorizaticn  and  control,  design  and  testing  of  equipment  for  ^ 

deepwater  diping  applications,  and  excavating  devices  especially  suitable 
to  non-cohesive  material.  suitaoie 

To  monitor  and  control  the  flow  of  dredged  material,  both  the  specific 

fvan  mixture  must  be  known.  There  are  metering  systems 

JlriaSes  t  r  T  ^  Provide  instantaneous  readouts  of  these  two 

varpbles.  but  also  Integrate  them  to  provide  simultaneously  an 

antaneous  reading  of  the  production  rate  in  tons  of  material  per  hour. 

operator  a  means  of  controlling 
J  ^  flow  of  slurry  or  mixture  to  the  plant  because  velocity  is  f 

nrort  variable,  and  can  now  be  maintained  relatively  constant  ^  Also  a 

^hifr!?r  T^ll  a  managerial  tool  in  the  form  of  an  information  system 


Although  the  metering  system  is  an  extremo?. 
operator  still  cannot  overcome  the  baromet.T 
deeper-water  dredging.  One  of  the  most  rer 
submersible  pump  and  drive  unit.  By  submer 
closer  to  the  mouth  of  the  suction  pipe.Lne 
is  eliminated;  and  by  submerging  the  drive  i 
pump,  the  alignment,  maintenance  and  durabi 
long  drive-shafts  are  eliminated. 


.y  beneficial  system,  the  plant 
ic  pressure  limitation  in 
ent  solutions  is  the  fully- 
ging  the  pump  and  locating  it 
barometric  pressure  limitation 
unit  and  closely  coupling  to  the 
lity  problems  associated  with 


In  the  mining  industry,  the  criteria  for  an  excavating  unit  are  that  tho 
unit  should  ppvide  a  constant  rate  of  feed  and  a  maximization  of 
percentage  solids  in  the  slurry. 

3m!-*  “bjepives  led  to  the  development  of  the  underwater  wheel  excavator 

rtrs^e%'?  rLf  bottomless  bucketr^elJe" 

f^llo^ing?  advantages  of  a  wheel  excavator  are  the 

-  The  wheel  is  capable  of  cutting  while  swinging  in  either  the 
port  or  starboard  direction.  This  causes  lesf  variancrifthe 
w  o  material  to  the  plant  and  overcomes  the  inefficiency. 

*  provides  a  positive  mechanical  feed  to  the  suction 

pipe  and  permits  complete  recovery  of  all  the  material  cut. 

To  combat  the  effects  of  Inflation,  enviro.imental  regulation  and  zonine 
restrictions,  technologies  for  Che  opetetlng  .fflcl“nc“L  cost 
benefits  required  must  be  developed.  i-i-ciencies  ana  cost 


Development  of  Automatic  Operation  System  Incorporating  Fuzzy  Control  for 

Cutter  Suction  Dredge 

by  A.  Miyake,  I.  Ofuki.  K.  Sotooka.  T.  Fujino,  T.  lokibe  and  T.  Vagi 
Proceedings ,  WODCO^  XII  Conference ,  Orlando,  FL,  May  1989,  pp  139-170. 

The  purpose  of  the  development  of  an  autotratic  operation  system  incorporating 
fuzzy  control  for  cutter  suction  dredges  is  to  increase  the  efficiency  over  a 
skilled  operator. 

The  fuzzy  control  system  based  on  fuzzy  inference  and  the  expertise  of  a 
skilled  operator  (deals  with  the  fuzzy  logic  "if  then  -")  is  combined  with 
the  conventional  sequence  control  system  (deals  with  binary  logic  "1"  or  "O") 
to  express  the  characteristics  which  cannot  be  defined  by  the  binary  logic. 

The  component  parts  of  the  system  are: 

.  A  dredge  controller  controls  the  entire  system. 

fc.  Fuzzy  controller  enables  the  operational  know-how  of  a  skilled 
operator  to  be  utilized. 

A  sequence  controller  performs  1/0  signal  control  and  various 
sequence  control  operations. 

These  controllers  are  connected  via  a  local  area  network. 

Diedfie  Cor.trol  (DC) 

-setting  of  dredging  conditions. 

•setting  of  control - target  values. 

-setting. of  load- limiting  control  conditions. 

•playback  operation. 

-monitoring  of  dredge  operation. 

-logging  of  dredging  data. 

Fuzzv  Controller  (TO 

-management  of  control  rule  file^ 

-fuzzy  interference. 

-monitoring  of  fuzzy  reasoning. 

-simulation. 

Sequence  Controller  (SC'i 

-process  1/0  control. 

•interlock  control. 

-forward  shifting  control. 

The  control  system  for  automatic  dredging  operations  contains  the  following 
six  sub-systems.  They  are: 

A.  Automatic  programmed  cutting  pattern  operation  -  permits  the 
selection  of  two  modes  for  dredging: 

i.  playback  mode  -  the  operation  of  a  skilled  operator  is 
simulated. 
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ii.  Eanual  aode  -  dredging  pattern  is  set  Banuslly  by  keyine  in 
parameters  while  watching  the  CRT  display. 

fc.  Control  for  ffiaxiciring  dredging  production  -  Baxlttizes  the 

production  of  soil  dredged/unit  time  (flow  rate  x  concentration). 

^  ‘  dredge  fron  one  span  to  the 

next  automatically  when  the  dredging  of  the  first  has  been 
corepleted. 

control  -  reduces  the  load  and  avoids  the  damage  to 
the  dredging  machine  in  adverse  conditions. 

£.  Logging. 

1-  Monitoring. 

A  field  test  was  conducted  in  Shibushi  Bay.  South  Kyashee  with  a  model  of  the 

the  automati: 

manually  for  comparison.  The  result 

operluon  automatic  operation  than  the  manual 

The  discrepancies  were  due  to  the  following  criteria: 
fl.  Dredging  time. 

t-  Electrical  current  and  current  motor  and  soil  concentrations. 

£.  Dredging  production  per  unit  time. 

However,  the  system  demonstrates  that  complete  automation  of  the  dredeinc 

'uu::  •"  « =>■«  .chuJiuf  . 

stlr^^rh^r  *“C0®atic  automation  capability  can  be  used  to  record  and 
HZ  il  expertise  of  experienced  operators  wMch  in 

rn  IS  used  to  tram  the  new  personnel.  Besides  cutter  suction  dredees  the 
fuzzy  control  applications  can  be  extended  to  other  types  of  vessels.^  ’ 
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Developsent  of  Soil  Typ«  Detector  In  Dredge  Pipeline 

by  Y.  Okayaisa,  H.  Nishirrur*  end  M.  Katoh 
Proceedings,  UOOCOS  XII  Conference,  Orlando,  FL.  May  1989,  pp.  171-184. 

The  Gain  objective  of  the  development  of  the  soil  type  detector  In  a  dredge 
pipeline  is  to  determine  changes  in  the  type  of  soli  transported  In  the 
pipeline  in  real  time  so  as  to  facilitate  control  of  the  slurry  velocity. 

The  detector  consists  of  a  vibration  sensor,  an  amplifier,  a  FFT  analyzer, 
data  recorder,  16  bit  personal  computer,  CRT  display  and  a  printer. 

The  function  of  the  detector  is  to  first  amplify  the  vibration  signals  picked 
up  from  the  pipe  wall  of  the  delivery  pipe,  analyze  and  compare  with  the  known 
vibration  characteristics  of  the  so.i  types  and  Identify  the  nature  of  the 
soil  flowing  through  the  pipeline. 

For  this  purpose,  a  preliminary  test  was  conducted  in  the  laboratory  to  obtain 
the  basic  characteristics  of  the  vibrations  of  the  pipe  wall  during  the  flow 
on  sand  and  gravel  through  horizontal  pipes.  A  spectrum  distribution  for 
different  soil  types  at  different  frequency  ranges  are  plotted. 

The  flow  condition  of  slurry  in  horizontal  pipes  is  assumed  using  Durand's 
pressure  drop  equation: 

0  -  400  ip  -  2.0  for  sand 

^  “  160  l|^  -  1.66  for  gravel 

Graphs  for  pressure  drop  and  vibration  level  versus  velocity  were  plotted  and 
the  characteristics  of  the  soil  type  were  determined. 

The  results  of  the  experiments  were: 

&.  during  independent  sand  or  gravel  flow,  the  spectrum  pattern  of  pipe 
wall  vibrations  showed  significant  difference  in  high  frequency 
zone . 

The  increase  in  vibration  levels  is  proportional  to  the  increase  in 
slurry  velocities. 

£.  At  high  concentrations,  as  the  flow  In  the  bottom  of  the  pipe 
approaches  the  sliding  type,  the  vibration  levels  also  approach 
close  to  a  certain  value  according  to  the  soil  type. 

conducted  in  the  similar  manner.  The  location  of  sensor 
the  is  very  important  so  as  to  eliminate  the  influence  of  vibrations  from  the 

dredge  pump  and  hence  is  located  at  the  lower  part  of  the  floating  pipe  closer 
to  the  stern  of  the  dredge.  o  r  r 

The  external  input  parameters,  beside  the  measurement  data  for  the  detection 
equipment,  were  flow  velocity,  concentration,  pump  suction  and  delivery 
pressures,  etc.  ^ 

The  computed  and  processed  vibration  data  for  a  wide  range  of  frequency 
spectrum  are  displayed  on  the  CRT.  For  any  frequency  zones,  the  vibration 


"■-“ .-u.ujuo, 


The  study  on  the  practical  application  of  the  soil  type  detector  utillzina 
V  bra  =  ><.n.  r  tha  pip.  w.ll  .„d  Idv.stipation  of  th.”  J  L 


An  upgrade  In  automation 
research  are  used  in  the 


techniques  can  be  expected,  If  the 
development  of  dredge  automation. 


results 


of  this 
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Ubor«tory  Evaluation  of  Production  Meter  Coeponente 


•)-)  A  A  t  n  j  ■  Virginia  R.  Pankov 

Proceedings  22nd  Annual  Dredging  Setsinar/KEDA  X  Meeting.  Tacoma.  UA.  October 

1969,  CDS  Report  No.  317. 

This  paper  describes  a  laboratory  test  in  which  several  density  gages  and 

»eters  were  evaluated  for  accuracy  and  reliability  under  controlled 

veJtlrar*  velocity.  Meter  location  on 

vertical  and  horizontal  pipe  sections  was  also  examined.  A  closed  test-loop 

be  I  U  concentration  can 

monitored,  controlled  and  tested,  was  used  for  this  research. 

^  ‘conducted  with  four  different  grain  size 

materials,  each  at  three  different  concentrations  through  a  widf  flow  range 
Phase  2  tests  were  conducted  with  two  different  types  of  materials  of  a  single 
concentration  through  the  same  flow  range  as  Phase  1  tests.  ^ 

^  indicate  that  the  nuclear  density  gages  had  values 
within  1-5  percent  of  each  other.  The  magnetic  flowmeter  hfd  values  within 

other.  However,  the  data  for  the  Doppler  flowmeters 
showed  distinct  differences  among  themselves.  Though  the  datJ  for  each  meter 

mete^*ihi^  ®*^^-‘=o"='^stent .  there  were  greater  differences  from  the  control 
eter  when  compared  to  the  magnetic  flowmeters.  Slurry  velocity  had  no  effect 
on  t  e  magnetic  flowmeters  or  the  nuclear  density  gages,  but  did  affect  the 
Doppler  rlovmeter  values.  Slurry  concentration  LLl  to  have  only  ,  mJnor 
influence  on  the  meter  values.  ^  minor 

test^mLers'*  indicated  that  slurry  type  had  only  a  minor  influence  on  all  the 

It  could  be  concluded  that  the  most  accurate  flowmeters  tested  were  (in 
decreasing  order)  magnetic,  bend  and  Doppler.  The  density  gages  record  bo-p 
when  rotated  45  degrees  from  the  horizontaJ  axL*;!  the "Jpe.  b^^ 
deJe?mi^!nrdre^^®  orientation  is  vertical.  The  study  indicates  thJt  for 
flo^ir^^r  L?  production,  the  most  reliable  instruments  are  the  magnetic 

measurement.  velocity  and  the  nuclear  density  gage  for  density 


Evolution  Enhances  Magnetic  Flow  Met 


Control  and  Instrumentation,  Vol.  19,  No.  2.  February**i987!* 

Electroisapetic  flov,-nieters  provide  an  excellent  solution  to  flow  measurement 

in°ind°^t  "  liquids  and  In  recent  years  have  become  widely  accepted 

in  industry  because  of  their  many  advantages.  These  Include  no  moviL  par^s 

The  accurate  measurements  over  a  wide  flow  range 

on  coif^detler^M'^K^K**  recent  developments  with  special  emphasis 

on  coi..  design  which  has  played  such  a  major  role  in  reducing  the  power 

cons^ption  of  the  flowmeter.  Extensive  iork  has  been  carrifd  o^tT^he  area 

c!nsum^^  Ultimate  aim  of  reducing  the  flowmeter's  power 

redu^r  r  r  -eter.  Its  consumpUormust  be 

reduced  significantly  to  0.5  watts  or  less.  Energy  recuperation  technlouL 

durlnt'^^h  energy  In  re-energizatlon  of  the  field  coils 

the^rfeed^«r’‘*'  produces  a  faster  cycle  time  and  improves 

the  speed  of  response  of  the  flowmeter.  Approves 

New  coils  have  been  developed  utilizing  very  fine  wire  to  wind  smaller 

The  design  innovations  resulted  in  the  introduction  of  the  world's  first  twn 
wire  inylnrieelly  safe  el.ctreaageetle  fleweter.  The  .le^oprtj.aerLr 
recene'dev'i'^^"^^^"'''  Input  in  eleccromagnetic  flowneter  design.  These 
uherp  hi  h*  °P®®nts  now  enable  magnetic  flowmeters  to  be  applied  in  areas 
i^o^LsiS  and  high  integrity  measurements  are  required.  The  most 

Impressive  development  in  recent  years  is  probably  the  fact  that  unit  cos^and 
installation  costs  have  been  reduced  considerably 


Improvements  In  Doppler  Flow  Metering:  An  Overview 


„  _  by  William  T.  Smith 

World  Dredging  &  Marine  Construction,  October  1985,  pp.  20-24. 

Doppler  ultrasonic  flow  meters  are  rapidly  gaining  acceptance  as  a  reliable 
method  for  measuring  liquid  flows.  The  Initial  design  of  the  Doppler  flow 
meter  requires: 

a.  Suspended  solids  or  gas  bubbles  in  excess  of  1  percent, 
b-  Full-pipe  section. 

£.  Non-porous,  homogeneous  pipe  materials, 
d.  Sonlcally-conductive  liquids, 
a.  Externally  clean  pipe  wall. 

£.  Adequate  straight  run  of  pipe. 

As  more  testing  was  performed  and  application  experience  was  gained, 
technology  improved  and  along  with  it  the  reliability  and  accuracy  of  the 
Doppler  flow  meter.  The  Doppler  meters  are  now  used  in  much  clearer  liquids 
with  significantly  better  accuracy  and  repeatability.  These  meters  have  also 
demonstrated  superior  performance  to  the  widely  accepted  magnetic  flow  meters 
while  at  the  same  time,  saving  installation  and  high  maintenance  costs 


A  combination  of  the  following  improvements  have  made  the  Doppler  a  more 
valuable  instrument: 


•  different  operating  frequencies. 

larger  and  better  piezoelectric  crystals. 

•  more  stable  circuitry. 

-  better  signal-to-noise  ratios. 

more  experience;  not  in  the  laboratory,  but  in  the  field, 
analog  signal  strength  meter. 

internal  frequency  standard  for  easier  re-calibration, 
underground/underwater  transducer  head. 

new  coupling  compound  for  a  wider  temperature  range  up  to  350*F. 
plug-in  circuit  board  for  easy  maintenance,  and  an  intrinsically 
safe  barrier  for  use  in  a  hazardous  stable  circuitry. 


There  are  currently  26  Doppler  flow  meter  manufacturers  worldwide.  The  meters 
range  in  price  from  about  $600  to  $5,000.  Doppler  flow  meter  has  successfully 
een  used  in  pipes  up  ^  12-ft  diameter.  Pipe  materials  that  are  suitable  are 
F  C,  stainless  steel,  FRP ,  cement-line  pipe,  ductile  and  cast  iron 
polypropylene,  etc. 

The  Dopier  flow  meters  are  useful  tools  to  measure  liquid  flows,  but  they 
Still  have  some  limitations; 


•  heavily  scaled  or  coated  pipes, 
excessive  pump  noise  and  vibration. 

-  pulsating  flows . 

•  non-Newtonian  liquids. 

•  some  hydrocarbon-based  applications. 

-  pipe  skin  temperatures  exceeding  320*F. 
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Production  Meter  Helps  Increase  Dredge  Production 

horld  Dredging  and  Marine  Construction.  Vol .  10.  No.  9.  August  1974,^pp^^u! 

16. 

In  oodern  dredging  operations,  management  is  faced  with  the  task  of  making 
promts  in  an  economic  climate  of  a  fairly  stable  price  per  unit  work  and^ 

•f’d  maintenance.  Business  survival 
pends  upon  the  ability  to  optimize  the  efficiency  of  dredging.  The 

presents  to  the  leverman  Instantaneous  displays  of  specific 
Knd  pipeline  velocity  and  production  rate  as  veil  as  aLuiulated^ally  of 
solids  deposited  upon  the  bank.  Measured  production  on  dredges  utilizine  the 
production  meter  have  Increased  15.  30  and  even  40  to  45  Jerfe«  ® 

Experimental  results  obtained  on  the  Ellicott  test  facility  illustrate  that 
the  curve  for  maximum  production  rate  for  any  given  line  length  peaks  over  a 

rper  the  peak  and  the  more  critical  the  velocity.  This  shows  that  without 
an  instrument  such  as  the  production  meter,  it  would  not  be  possible  for  a 

JnreTot'opnS"^"'  ‘"y 

^"*'®8rated  with  time  provides  accumulated  production  which  is 
accomplished  by  the  accumulated  production  module  and  its  readout  duXs 
instantaneously  a  running  tally  of  total  production.  ^ 

overall  accuracy  of  the  totalized  production  of  their 

frail  Mece"'orL’'?  ®  5  Percent.  While  the  production  meter  is  not  a 

frail  piece  of  equipment,  neither  is  it  perfect.  It  requires  attention  .nrf 

“  "I’"”""  •  .t.p  in  dr.dg. 
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Doppler  Effect  Tied  to  Flow  Rate 


,,  ,  by  Rod  Yost 

Va^er/EngLneerxng  and  Management,  Vol.  134,  No.  3,  March  1987,  pp.  30-31, 

Using  an  old  physics  principle  that  only  quite  recently  has  been  incorporated 
in  a  variety  of  nodem  instruaents,  the  Doppler  ultrasonic  flowmeter  is  being 
applied  increasingly  in  the  water/wastewater  field.  Flowmeters  designed 
around  the  Doppler  principle  are  widely  applied  in  our  Industry  to  measure  the 
velocity  of  sludges,  slurries,  sanitary  and  industrial  wastewater,  process 
chemical  flow  and  other  liquids  containing  suspended  particles. 

The  Doppler  flow  meters  use  the  theory  of  Doppler  effect  which  postulates  that 
there  is  an  apparent  change  in  the  frequency  of  sound,  light  or  radio  waves  as 
a  function  of  motion.  These  meters  consist  of  a  transducer,  a  Doppler 
frequency  receiver/conditioner  and  a  transmitter.  The  transmitter  sends  a 
continuous  ultrasonic  signal  through  the  pipe  and  into  the  liquid  stream,  and 
then  the  transmitted  frequency  is  reflected  back  to  the  receiver.  The 
difference  between  the  transmitted  and  reflected  frequencies  is  displayed  on  a 
flowrate  indicator  in  velocity  units. 

Generally,  Doppler  flow  meters  measure  virtually  any  size  pipes  flowing  full 
with  minimum  liquid  velocities  of  0.5  ft/sec  under  certain  conditions  The 
most  accurate  readings  are  taken  when  the  devices  are  measuring  liquids  that 
follow  Newtonian  flow  profiles.  Since  pipe  materials  respond  to  Doppler 
signals,  the  pipe  material  must  be  considered  and  allow  penetration  of  the 
ultrasonic  signals.  PVC,  plastic,  aluminum,  cast  iron,  carbon  steel  and 
ductile  iron  with  one  of  Epoxy  coating  or  cement  lining  responds  to  Doppler, 
signals  excellently.  However,  copper,  concrete  and  copper  nickel  alloys 
prevent  penetration  of  the  ultrasonic  signals. 

Significant  technological  Improvements  have  been  made  recently  in  the  three 
elements  necessary  for  advanced  Doppler  flow  measurements.  They  are:  a) 
liquid  excitation,  b)  the  detection/collection  of  Doppler  signals,  and  c)  the 
signals  processing/spectrum  analyzing  the  signals  received. 

Liquid  ??;cltation  -  More  efficient  transmittal  of  power  gives  better  liquid 
level*whlch'^^^*'  (radio  frequency)  energy  operating  at  the  higher  energy 

A.  Overcomes  the  resistance  of  pipe  wall  material  to  pass  sonic 
energy. 

b.  Allows  more  RF  energy  Into  the  liquid  to  produce  higher  quality 
Doppler  signals.  o  -i  ^ 

£.  Detects  the  unwanted  signals  such  as  vibration  and  other 
interference . 

<>gpplgr  tlgnals  *  Large  receiver  crystals  are  used  to 
act  like  an  antenna  to  collect  Doppler-shifted  signals.  Also,  newer 
integrated  circuits  have  been  incorporated  to  facilitate  the  collection 
technique  of  Doppler  frequencies. 
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a  spectral  analysis  is  utlUr^H  tk  «►  T^  -i  Doppler  frequencies, 

referred  to  as  "Doppler  Shifts"  are  signals  which  are  conuconly 

velocity.  soppier  Shifts  are  then  converted  to  Indicate  liquid  flow 


Accuracies  of  2-5X 
than  the  earliest 


of  actual  calibrated  flow  range  are  significantly  better 
designs  which  had  accuracies  of  10-15X.  ^ 


Some  of  the  benefits  of  Doppler  flow  meters  are: 

fl.  Easy  to  install  and  operate. 

h.  Installation  outside  the  pipe,  no  pressure 
assemblies  to  corrode  or  foul. 


drops  and 


no  Internal 


£.  No  moving  parts  to  wear  out  or  fail  mechanically, 
d.  Easy  to  re-install  and  re-calibrate . 
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Advanced  Control  Concepts  for  Hydraulic  Dredging  and  Mining 

„  ^  by  Antonie  C.  van  Zutphen 

Proceedings.  WODCON  XII.  Orlando.  Florida,  May  1989,  pp.  123-138. 

This  article  deals  with  both  the  good  and  the  bad  aspects  of  the  advanced 

concepts  of  controlling  the  hydraulic  dredging  and  mining  with  the  man-machine 
interface  system. 

Formerly,  when  manually  controlled  operations  for  hydraulic  dredging  were 
prevalent,  only  two  parameters  were  considered  and  the  rest  Ignored  as  they 
were  beyond  human  capability.  This  led  to  the  Introduction  and  adoption  of 
sophisticated  automatic  ancillary  units  to  monitor  and  control  every  single 
parameter  involved  In  the  dredging  process  which  gave  more  accurate  results 
leading  to  greater  efficiency  of  the  system. 

^e  system  basically  consists  of  two  units.  The  main  unit  Is  located  in  the 

dredging  console  on  the  bridge  of  the  dredges  and  the  secondary  unit  is 
situated  on  the  navigation  console,  provided  with  a  quick  and  easy  access  to 

both  units.  The  secondary  unit  enables  the  read  out,  control  from  the  second 

point  and  acts  as  a  lock-up  in  case  of  the  failure  of  the  main  unit  The 
control  functions  arc  relatively  coupled  with  the  relevant  presentation  in 
accordance  with  the  action  involved. 

The  process  Involves  three  phases  -  preparation,  execution  and  termination. 

The  functions  of  the  control  systems  are: 

Presentation  of  data. 

fe.  Control  of  the  dredging  installation. 

Monitoring  of  actions. 

Automation  of  various  functions. 

The  automatic  control  facilities  available  before  and  during  the  process  are: 
Mechanical  handling  of  the  suction  pipe, 
fe.  Hardware  status. 

S,.  Dredging  start-up  includes  the  lowering  of  dragheads  on  to  the 
bottom  and  the  transfer  to  the  dredging  mode. 

d.  Dredging  - 

-  -  draghead  visor  control. 

•  -  pump  speed  control. 

-  -  mixture  control. 

•  -  monitoring  and  control  of  the  position  of  suction  plpe(s) . 

•  *  control  of  hopper  charging  process. 

£.  Termination  to  cease  dredging  and  return  the  suction  pipes  to  the 
starting  position. 

f.  Discharge  of  soil. 

Proper  design  and  use  of  the  power  plant  reduces  the  number  of  motors  and 
generators  and  lowers  the  operating  and  maintenance  costs.  Further, 
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Automatic  Systems  for  Cutter  Suction  Dredgers 


by  A.C.  van  Zutphen 
Dredging  +  Port  Construction,  March  1984,  pp.  21-25. 

Development  of  Instrumentation  and  automation  systems  for  cutter  suction 
dredgers  has  been  a  topic  of  extreme  interest  over  the  last  20  years. 

Operators  as  well  as  manufacturers  recognize  the  value  of  reliable  equipment 
and  its  influence  on  the  efficiency  of  dredging  operations.  The  automatic 
cutter  controller  system  was  designed  in  close  cooperation  with  the  owners  and 
Incorporated  information  signal  generators,  an  automatic  control  unit  and  a 
reporting  system.  The  information  signal  generators  are  units  that  are  also 
installed  on  non-automated  dredgers  to  provide  the  operator  with  visual 
readouts.  These  readouts  keep  the  controller  informed  of  varying 
circumstances  during  the  dredging  process  and  the  measures  required  to 
maintain  maximum  production  efficiency. 

The  dredged  profile  monitor  shows  an  exact  image  of  the  shape  of  the  channel, 
the  corresponding  location  of  the  cutter,  and  a  set  of  numerical  values  for 
accurate  reading  of  width  and  depth  coordinates.  The  automatic  control  unit 
keeps  track  of  the  information  signal  values  and  movements  of  the  dredge  in 
response  to  the  commands  given  by  the  dredgemaster .  The  automatic  cutter 
controller  continually  adjusts  the  control  parameters  to  the  external 
circumstances.  This,  in  turn,  ensures  stable  control  actions  in  relation  to 
various  soil  densities  and  various  load  distributions  between  the  cutter  side 
winches  and  pumps.  A  keyboard  is  used  to  give  the  commands  to  commence  or 
interrupt  the  dredging  process,  to  select  manual  or  automatic  pre.sentation  of 
environmental  data  and  for  manual  for  automatic  control  of  spud  carriage  and 
ladder  winch  operations.  Linked  to  the  information  signal  generators  as  well 
as  to  the  automatic  cutter  controllers,  the  reporting  system  gathers 
information  for  the  compiling  of  progress  reports,  as  well  as  data  for 
research  purposes. 
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